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the ,ht,bop wish.. '0 ••• owleqe 'he k1a4 .. ,1.'._ 
en4 helpful 1\114 .. _ .t Dr. B. I. Ut-Jamh_. who 
UN",,4 \h1' Ne_ .. Gb. 
\11 
". purpo.. fit \ld.. H._.,._ ... to 1 .. 8.'lpM 
'he ettao" .f JI041fJ1D& '1' .... 1 pb.\laala,. H't.U W1\b 1l1p 
•• 1eft1 .... elp" .\tlt .. , .. alooho18. 
1\ ... to ... ,bat. .. ,he 1lOIln.e.\loa of ,. a1kJI 
... lal .... ill ........ \betP pepGet .... ..,..1tl •• \S_ lb-
.1' ..... , tbel ..... 111. lP8fl'r ......... , 'helJl u14 .. 'Mr 
............ at ,be "Itaa .., •• _ .... ttw ta 001... f_ lIl-
.0'""U_ fit tM .t4teaa\e4 at_bel Ill'" the alQ4 "'Ita 
alao c ... '" t.h_ \0 ..... 1 ... brt"l ..... lION 101able. 
he •• , 1 ......... tten et ,he .841r1o.'I_ •• 
'h ...... 1.IloPe_ 1a 0.,a'1'bl11',. .,. tbe ".laI W1\b 
al, .... Utll ...... lq ,...1_1, ~ •• • t 'he .... ba la 
nltNceUlll .. ' laAMtuer ,-..lI1at1_. the &reaw,' ""!bill',. 
tor .,U •• 'l.. of 'be 'dtou'. &leohol .... ltl84 a1kJI 
.. ,lD.I U .. in 'be 11e14 of dv...lluloae 1 •• queM. 
Be..... ~ ... 1.. .\111 ",alD_ t.b.air 011 1a-
• .,111\111\, ... ft_ ..ut1.... ther baA .. ftl'Dl.b .,pl1e-
.,1_. 
LIS! or rlGURIS 
ftpH 2. ., ... t.taa t. O"kS.aI a_.... . .. . . . . "G 
ft8UN a , .... _ "\82'1'10&\1_ ft ••• 1_ 
lWOeJ3 110411104\1_ •••••••• • • 
Pi .... , 8"e1tl0 Gr_s.., ....... t"" 1'''0.' 
-'&lt1G."" • • • • • • • • • • • • •• 41 
11041110&\1_ ••••• II ••• . .. .. . .. 
1'1...., Ioltl1d.l' '1 .... ..lsh' , .... , 
1041t10_\1.. • • • • • .. • • • if • • •• 4, 
-.41tl .. Re.l ••••• ' .... . . . .. • • 
Mo41tlel R •• 1ft • • if .. .. .. • • • • • • • 
LlSfOJ".LIS 
pase 
.,.le X 'we_t _, .. lt10.'1_ ft. '.lab' 
, ..... , ..... tlo .. 'I.. • • • • • • • • •• )4 
.. ltlo .. \I_ •••• • • • • • • • • •• 4, 
IIoI1t1.a\1_ • • • • .. • • • • • • • •• .. 
JIoI1I1 .. '1_ • • .. • • • • • .. • • • •• " 
fa14. VII t..ae .... ~1 ..... LaeCJ" 0.-
... 1 t1a to'I' :50.1 1f,. 1- 110411184 Reela. 61 
7abl. nIl LaeCf\l" lNpenl ... a. Leaq .... P 0 __ 
poal t1 .. t. _.1 .. ,. ,. Jle4111 ... a •• u. 6,.64 
1 
2 
z .. _ , ... 'he proteotl.. co.tlna In4uatrl.. ~ 
••• • laP8. peroa\ap 0' tbe Hslna pt'04uoecl for use 1ft 
pal.". laoqu.I", .. Yarn!'''.'. 'fbI. ooruuaptlon baa.'" .. 
14.'" ......... 1D Nsln. _.utaet.w.-. 111 an. ertort '0 PH4U08 
,,8lM .... appllOable \0 'he ae ..... f tMe In4_\P7. W1th 
'hi. ...a In 111_ 1" ... 'houp' 'ha\ i.corpora'loa of .ld-
, ... ,ea a1.ob..~ 1ft allrJ4 ... tn. wou14 prod1l" a p8.1n .td. \-.1. ,. prete.'l ... ooa\lnp. 8"0" 41'O\II.lq t.h.. 1" ... 01\1 
top thl. ...apts... 1 t alP\ be •• U \0 41 •• wa. .pUle'!. 
".In. 'bJ1.en.,. 
Bllia (1~) <<.,In ... "'1ft .. a •• 114 or IfNI1-.o114, 
eoap1 ••• _orphoUl alxt.aN .f orSlDlo '''bet_ ••• , haYlDS no 
4etb1te .81\1_ "tn, aM .boWl .. n. t,e_eraoJ \0 Ol"Jltalllze. 
It 18 eha:ranerlae4 'bJ •• ob pb1l10&1 propertl.' .. .. ,,.,10&1 
1ua\..- a4 a eon.o14a1 11' •• ,... ratb.er than bJ' an1 4,tint ,_ 
.", .. toal _"po81 \loa. R •• lae .uob .. r081n .OOtlr in na\ure 
aa4 aPe Jato ... natural pe.lM, btl\ Wltb1a the Pdt t ... ,.eaN 
'Jfttbnle ... lM han b ... _ 1J1OHaaln81J Impon .. ,_ 
Uitd.. the \em Ipthe'". H.lnl 1. a P'OWlna 8l'8UP 
or .... ..,.t.alll.1 .. -s-te •• ,.P1alJl of ,,,,'he'l. or e .. l-
.,.the'l' o,-lela 1fbJ.oh p .... ..,l. 'he natural ... alna 111 appear-
ace ... pro..,.tl... !bee_ IJftt.h.'l' r •• lns 41y14. Into ,_ 
.1 ..... ' 'hOM Wblob .ePM .. pi .. 'i •• a:a4 tho •• used all tlla 
'.Nina IU'b.\aIloel In .aml'he. aM .'be. proteott... eoatlnp. 
--------------------------------------~-------------'---------------
a .. lna t. •• In the ooa"lna l __ tri.. _., 'b~ 
baM, .olu'ble ..... 1.'." \0 .a' •. aD4 I .. able. Al''beuP 
t.tl..- .. flan, 41tt ... , 'rP" ., .,.t.hnlo ..... 111' .... III 
p:rot. •• \l". eoa\l ... oal, t.be .... wle4 alkJd 'JIM ... ... 
, 
• 148.'" la thla ...... It. AlJcrt, .. ,tu ... ~.lll' ~ ..... 
.. ,. \ft. 1"0...,1_ .f pol.Jb14rlo aloobo1a .. polpaaS.' ao14 •• 
It ,be .... '1 .... sPftPl la 'be &100t.&el ..... 14 .... in ..... 
pa\10 .t tt2, "-" "alai 40 ne' nault, but, 1t \be ro.oU.,., 
..... an ,.a, 'h'" tora ollalna whlob 81'8 \brett 41a.t1oDal 
.a\\eJ1n8 P8UtIlI .. lar.llt18 .. 1.olubl,e _1_1.. R .. I.U 
t ...... __ 'hl. latter reaen10 .,.. -tta117 'oe lnaolubl. an4 
'eo _1'''1, ,. M .... in .anal.bAa ... l •• que" ......... 1_ 
0'" .. 148, ale.hole, OJ' olla _, 1Ht llleorpopa'''' 1M. 'lte 
••• in t.o e'b\. 'h. ..eaired pl'O.,."I... AlJtr4 r .. 1n, hIIf'. 
bMa .ollft ... nth 'but,l al ... l, ... tor 011 (lA) .. 11 ..... 
011 (1'), 1.0'10 .. 14 (30) ... MDOb .. , .... , __ (a) \. 
obtaln ._1111 .. eb •• Tb. ,... ..... • t th ••• l1on.ball. &0148 
aa4 &1 ... 11 b1J1cl •• t.be llfttaae .f \1M oba1ftl pnduelq lft-
er .... " •• lv...,ill'" lll ....... tl •• 1Ml1", ... 4 .......... 
'bn"l ..... 
1ft 'hi. the.l. wePt a hllh .ol.wl.- welght .dr_-
.teA al .. bol ... laeorpor.'.a. 1f1 til the al'kJ4 neb w .aU a 
re.ln .ul\a"l. 'OJ' .... a pr.\ •• \l.,.. eoatins_ Th •• 041ua 
salt. ot .ultonate4 al •• hol. ar. belna WI.' at pre,.' .. 48-
' .... at.. "."lDS 88eft", .. .. .0&Pl ••• • aoape. 'the ••• t ••• 
.... 1.'. .f ... ultnate4 hlSh .. 1 .. 111.- niall' alo.hol, 
hart.. ..141.1t .. ,. IJ'OQa ift ,1M. ot 'be b,J4Hxrl P'OtlPI. 
Moftob&l10 .014 •• r aonohJdM._ alOCJho1e ""loh h..,. oDlJ oa. 
P .... ,t .... pouP 40 n.' 81" 1'1 •• " realaou. "'.1'1&1., butt 
lIl .. rp .... ttcm of h,.4rophrl10 p'oupe Illeb at hfdrOxrl or lul-
t.nto groUPI 'eal ,. proa ••• •• \er •• 1~bll1',. and • ..,.tlbl1-
1',. with I\ltNoeUul ... wl1. 1 .. p&rattia-ll_ obalDI In-
ore ... 'he oil •• 11iblU\J. 
n. •• lt01'1&\84 aloohol (1.080,8) 41tt.... troll the 
I.ltoni. &014 (.0,8) onl, 18 OM • .,._ a\oll Whleh _ugelU 
'ha' \Il., .1sh' ,reet •• a 100000at 81.11&t' etteot.. Sultoalo 
.. 148 11'l .e •• pal are waN as o .. 'al,..,. 11l tb8 •• I'Ultaoture of 
al,1tJ4 ... lba (,) (2), ... n811\l"al ph_,.! 'ben.ene lultoaate (10) 
hal been ueed .. a ,1 .. '1811. 1r1th el," .. l phthalat. reel_. 
The pW'pOl. of thi_ llWe.t.1sat,lcm .as to 4.'.1'II1n • 
... the. tb. r •• in t • ...a -, the reat\lon ot the alkJd reB1n 
anA lultonat" alo.ho1 •• uld pr04t1.d ...... loluble rea1rl, 
bart but ftO' brl"l., flexible, an4 lult.abl. tor UB. as .. 
• e;PR1lb •• luquer r •• ln. 
HIS~ORIOAL 
81ft'ba"e ••• s.n .-.ut .. ,... 1. • pel.t.1 .... 1,. ne. 
tl.14 .r __ 11\17- fte Pf'laolpa]. lIO\ly, 1n aM.'lq .,.\b.e-
t1. ru1U wae.o\ \0 1111 'ate 'Ise _\val prod"o'., 1N\ t,a la-
p .... tlJ*l ........... 'U •• h1 AI the natural .... lne .... \b •• 
18 .. , •• ,hat 1e -'1N11 pen'e.'. aft4 aU .f th_ lla" 
taul. "lola Ihoul4 ba .11a1na.t. .... 
'Ile tlre' ..... , .f 8)'1ltbe\10 Hlin •• ul.\ ... 
" .. in 1901 wbea Wa". a81\" (32) 41a ..... e!1e4 While wor1d.q 
wi t.h &11 .... 1 &114 pb'haJ,10 anh,drl4. 'hat. th., 414 not, ton 
• 81m,l ••• , •• en H •• \lon .. be had. • .,.otA4, btl\ 1"&\"er a 
.81'7 b.... "aMpare.'.oll,_ Slnee \be 41 ....... 17 ot th1 • 
..... '1 .. _, .... 81,. ... 1 _, pbthaUe anbJdr14. theN bs:t'e 
,. ••. aaa, 1IrMe'lp\1-.. lilt.. ,he ••• heatn of pe.la ton-
a'A .... 
R. H. n~ anA A_ G. X...., (26) b .'udrlna \be 
ft' • ., "' •• lt10&\1_ 01 ' .. 0 .olaol 817 ... 01 an4 t.bl'88 aol • 
• f ph\bal'e aabJ4r148 toUft4 \hat. the re .. \lon ppooeedl l"apl4-
11 at tl".' 718141q wi"" •• M lI1Dut., at the temperature 
...... '11&"0", a pJilO4_. oerr •• pen4ina ,. ~ •• ,arl.ll0.t108. 
__ t.lt. '.'erttloat'a 1. about 6 __ 1~. the ... ,. talb ott 
bn pPOeee4. 1101' •• 1 •• 17 up ,. an4 'beron4 the po1nt. whe ... 
,.la\1ea •• our •• 
!he pPellm1tla1'1 tORation ot "be .on ••• \er. .. .. 
• o'ed 'bJ' Hem8l (18) who to ... that the eontltlue4 beat,1l'l8 or 
p 
T 
t.bo 1.,.1 .. 10 .. ala ano. ,01a\1_ ae ...... 1\8 &'blU",. ,. 
e.ell Wit' e.l ... \. 1_10a\las th. PH .... of oa'.l'1tloa'1oa_ 
". ....1.... r.81n1tloa\1_ .AI a I.Natlon .t eorapoda .f 
Milt .ol •• 1I1 .... 1p' • .,lAl1 'til eodin_ ..... lfloa'loa .f 
the .t!4 .. \era tin' toN84. IIl .. e"8 of tbe asoat .r sl,.· 
.orel oauae4 tho ao14 auabep .f the ~.'wre \0 « •• re... Ubt11 
tlUll,. 'be lDtual b1. .'a\8 oeu14 ao\ '" .... "'.... Re al •• 
tOUl'l4 tba' When Il,..ere1 an4 phthall. ~4e .e.. ,... la 
aull preponlou ,. t ... _one- or 41"UN _ he.,", tbe 
HantoD pro0ee4e4 ftPJ' alow1,. a' 160·0. ..... 2,.00 h .... 
... ,., tbe ,. ... '1_ .... oro rapl4. ,,'" the 'cmcten., ... t.o 
tOft ha.l"4 ~.1 •• 
ftll. NaoU_ 'be, ••• 41b .. 18 .0141 .. polfbaal. 
aleohoU... 1m.. tor a a.taaber .t JOaN. 1Ntr I." l'1NRalne4 tor 
,,,. lDauaur.\I.11 of tbe l •• que. lft4U8'17 '0 .'llNla'. """ 
•• a1'1dl on the prepar.tlO1l of p •• lna wbl.a .ou14 be o.p.t,l bte 
wit.h. ll1vooel1ul ••• to prod." a 4 .. able 1 .. qu... The de-
•• 10".ent .f 8pt.ttetlo ... alna of t.be alkJ4 'De suPplied. the 
l .. quo,. 1ndu.'17 With 8ft "equ.t. sour •• If ... lnoue .ater1al 
aD.C1 .... 1n pan lnew..ental 1ft ald11l8 \he rapid exp .. l_ 
ot ths.e 1n4u •• ,. 
The PUP. 81,"1'01 phthalate "81a 18 1n all .aaee 
"Of) la8.1u'ble, w1\\le ... lntualb1. tor .e 1Il varnS..b •• 
or la.que", and varloua pl"'tola.l'8. II 'bel" in the tena ot 
aott •• el. or Uqulda, baTe b08l'l 1n.opporated. In\o the alkJd 
T - - ~ ~_ 
a 
lI. 3. Callabaa (8) Ilt4 ... 8. ..... (1) Wle4 .uo-
01nl0 11,. ... 14. all • pl_t.lols.. !lY 41.atT.' .... of _1 .. 
the 81,. •• rlet •• of aUpbat.l. 41,., .. 10 .. 14. to 111 ...... \b. 
tle.1hl11\, .ae \bat. the .tt •• , ..... act' peNanen'_ ""'_ 
Il •• '" to. & loq \1 •• o. whea ..... "' •• 1x84 r .. la 'be .... 
..,.1\\1. aa4 \ea4d .. ft ...... Mall _,,4 ...... 
neal. ~ Jltoh1t. (If) IlIIS.''"' 'h. Inoorpora\loa 
of 81ree1 au_lnate .. ith pll'b,&110 slr .. rld. 1n aUGb aaoau 
'bat t.he _ ... 1tlott oure4 Wh •• heate4 .• \ & biah ' •• pel'a\ulte • 
• out. .... 1 .f .... ..ala • ., be ....... the Pe81nl • .,. be 
prep ....... ,.a,el1 aa4 \hen Ill ...... all lagrect1entl heat ... 
,op'be. at. 18080-200-0. Ouriq.aa earnet 0,"" at. lS000 
aM ... o't. tl •• 1'Dl. ~uo, wal 0,.,\81804. 
Blab bel1b\a •• 1'ftft\e weN .... to mor .... \h. n.x-
1"111t, ... , a ..... (11) who als'" 15 ,art. or 41ethfl pbtbal-
.. ~ n\b. 85 pan. of tre.1llr .. ep&Hd, pbtha11G 61yee,-140 and 
" ... "4 \be aolutl_ t. 150°0. A .. n. l1gb\ •• 10re4 N81. "as 
ob'hlM4 wt'l1el'l ".. 'be.. .....P\etl into a tl •• l ble lntue1bl. 
tOJlll -, "e.tina \0 A high ' .. pera',,"_ R. H. y",s,en1e (18) 
•• 84 41 .... ,,1 ,ll'bala'., '.lphe.,l phoapbat.t t,na .. 'ln. or 
aa111u '0 ..,..,..GIIe 'h. bl'lttl ..... • t the al1tJ4 ".ala. 
'he add! 1.1011 ot tul'tUfla1 lncn-e..... neslbl11',. bu\ 
baa the tend~07 \0 4arkea the flolor. CCIllM'eP (11) beateA • 
, 
1R1X\Ul'e Ml'lt.a11'lllll 92 paM.l ot 151,,,.-.1, 1-'8 part. or pbth-
allc anbJdrl4. at. tl0·0 tor aD bo~ allowlns tbe t •• perature 
\0 tall '0 lltO°a an4 added 48 paP'\. .r furfural, procSuoll'l8 a 
aoR, dark 00101"'«\ .P.. 'M. produet waa cOllYer'tel ,. ,tt. 
latualbl.. tora Wh •• hea'e4, th4t __ ereloD belns about 'en '1... .. rapid as that of the ,..1ft 11'1 'be aba... .f tul't'tIPal. 
Blue 0010re4 resina .t lrapro.,,,, Hobaloal and el ... 
t"leal pro,."! •• oan be t ...... lq \he 8441t.l08 .r .. lao 
.aftHaXJU. &o14a (,.,) at 8DJ' a'_ betore \he toa .... r.lon .f 
"he re.in t. 1ta tlnal tora. 
Bara.. an4 aore re.l.tan' Il, •• rol phtbalat.e re-
alu aN prepared. b7 \Nat.en\ with _\ene. 'be tree bJU'-
0.,1 groupe In the 81,.e .. o1 phthalate r •• ln aN .",,1&'84 
under tbe.e ctt.md1 tlona. 'be pr04un 'hue toNed wu 4a:rker 
ln 00101' and had a blgher &014 nuaber thaft tbe orlginal re.ln 
but .... more restatan' to wat.. (1). the .t.. treated N-
.1n .at .ompat1~1. with nttPOo.llul •••• 
A. p-ea\ aanl othel' .041".1118 asenb ba.. heft \i.ed 
In tbe :reain aol.0111e tor the ... purpo.. OP \0 produoe N-
eW ot 41tterent propen!... Th. .Mltioat,lon ot alkJd re· 
81u wl ttl aonobasl0 aolda impart. lnorease4 aolubl11 '1 \0 
the realn. A11pbat,10 &olda (but.,..lo, acetlo) boa •• a pro.-
nounoed 8ot'.n1na &CI'loa. AcliA. tl"OIIl non-4r)"lns 011.1 lead 
to 'he formatloa .f prOtluc'. of srea\er tl.x1lJll1',. III .. 
10 
rul. tbe tree &014. ... u.e4 ina'." or \be 011. '-....1 ••• 
'in.e. 91th the ••• e,\lon or casto. Oil, l' 1. 41tttoult ,. 
Ineorpora'. the 81J •• r14e 011. Into .. alkJt re.ln unl ••• 
41ree' •• thodJl are WlM. 0\"." ... 1>&810 &0148 ..... wt t.tt 
alkJd .. ,Ina bol •• natural re.1M 1Ib.loh laore .... the .e1-
ub111t, ... brit'l."e •• of t,he r •• ul\lJl8 re.ln. 
Othe .. ln4watrlal 110411711\1 apnte toP t.he pup. al-
1q4 ,..81ft oema1.'. or 1IOftOhJdrl. alcohOl. (5) •• t.n .. (1'). 
aD4 .arloua 011 •• 
The prlnolpal wa. tor .all of tbe.. mo41f1e4 alk.J4 
reSina haa been 1n •• at1n.o.a,.eltlone, p.r\l.u1~l1r nl\re-
oellu1... laoquen. '"" the •• prtt'ftOUJt 1:lrr •• '16&"1_. 1\ 
.at luppo.e' that the InoOl'poratt_ of the 'ultonated aleobel 
lnt. the alkJC re.1n 81Bht pre4uoe a rella appl1oabl. 1n tbe 
proteott •• ooatlna 1n4uatr.r. 
u 
- - ~ -,-
'M Nl .. t •• H81rl tOl"llaUOft or po17baaio a0148 
aJl4 polJ'hfdri. &1001\01' at .... bJ' R. R. llen1e (13) ...... 
11 
(1) BiBb a.l.oular welgb' organio ... pound. ere 
toraed onl7 whe. \he lnterl1nklns a.l.oul •• 
aN polr .. l".aet.l ..... 
(I) .,1\. In\erlla't1nl of \be lDol.oul .. pro •• e4a 
.... r41fts \0 'be Ob.H eem' .. ' of ., ,_ 
"ao'l .... pol.U. 
(') the "lat.l .... II ...... ,hape .t \be NUtina 
.. leoul •• _ the poeltl_ ot 'be ..... tl .... 
pea'. l .... 'el1 4e"erwa1De 'he ph"loal proper-
,\1. ot tb4t pe.t.llt1D1 "lJIl", 8uob ai, bard.-
'MU, aedb111", ..... heat eotmtnlbl1it,. 
EI't,e:rltloatlcm of a pol,bulo &014. suoh .. phtballo 
8fth74J'*14e, ... • pol)'baalo aleohol:, I.eb as gl,oe:rol. leada 
t.et hi. lIo1 •• 1.llar .. lsh" prot!\lota lnatead at the pure .ater. 
Ih etulJ1q 'he reaotloa ., 11,. •• "01 an4 phthallo anhydride. 
R. H. Ileal. aIl4 A. G. IlM"J' (25) round t.ba' the reaotlon pro-
... 4M _ •• t.rifieatioD w1th water' aa4 the roeein .. the ont, 
PH4"''''. Ro 11\ ....... 41.'. ala-byde .u tormM. 'i'M, at.ated 
tbat the .e .. o\1_, when ca.rrt ... out at. a tesaperature at. wbleh 
bo'" :reaG'an" .. ere liquid, well' "Ierr rapld.l.J .i 'he .tart, 
ft'ol"f'1q heat_ aD4 ... apPal'en"17 halt OOlIple'e wltblD on. 
ll1mate ot Jllx1na. 'hi. re.otion COrNsponded to the tONatlon 










.... C.r41D~ ,. H.Bel (18) "'. 1n~ma1 ...... In.-
.\loa .... ",,_lb1. fer ",e , ..... '108 an4 ehar"eterla\lo 
pnpw\1 •• of ,.. al11J4 ",t.». lie re6U'dt4 'h. tin' etas. 
aI 81"f'lDS rl •• \0 .. atn..-. of \b ••• ao- .... 4181, ••• 14., 
.. et ...... W PHY10uIlJ_ Wl\" f,'urth" a •• tina th ••• Nan \0 
11'" .cm4_atl_ prod11O" AI tell"" 
+ OOOOH HOOOO 000 alb OHOR OHaOOO 
+ 
neal. a:a4 a...,. (If, al •• found tbat .. tbe Haftlon 
pre.eel .. una .. 1Io\heraa1 e0n41\lona, the tree aoldl\1 a.-
....... and. tbe p •• cent. ."el'ltlca\lon _4 now pOint In-
oPe_ea. , ..... 'Y&I'1a,l_ With tl •• " .. quitel:rNplar al-
'housh tbe" .. as a 'efl.nlte ':re_ upwa!'4 1n the reaot1011. 
14 
'Ihe MeSA ..... 1 ...... 1 .. 1 ••• , .... au, ... t.. aa4 ~ 
I. W \'" •• • t 'he reaeUoa ._ 1\ re,.olea 11 .... 
SoU ... (31) 'houp' t.be ... 1BII were 1088 obalM 
.t e11 .... 1 aolaeu1e. lin'" a\ tbe a.1.pha ,081 \1 on. throup 
oa:rMXJl pto .... of 'be alt..1'Ila\1q pbthal18 ao14 moleeu1 •• , 
nl18 'be 'be'_ bJt!.oxrl po ....... '''eJ!'lt1ecl 11l laMP ., .... 
• t the reao'loa. 
Meonins to It. Rftlflat and It. K. 11 ..... (10) 
on1J the alpha hJdPOXJl &rOup. of the IIJoerol are ac\l .. be. 
low lSOoC, but, at hlpe .. \apera'tUN. the be'_ hydro.,1 gNapa 
.akr in'. the Haetie nth 'he t.Na\ion .f • thl'ee 4iaer1-
t,leaal ,.1,.~. fUrther •• '.Pitlea\loD n.. 1~1.1n8 \be beta 
h~O.,-1 ,"UP' .ilh' proce'" lntena11" tOftlJ.na '\loll • 
g1,o.1"1u. 
000- 0GIfa CO .... oem , 
000- ~~ 00- 0GBi , 
000- OG 00- OGHa 
fb1. 18 \IBl1kelJ howeYe., at 'be 11111.' P"dlln 18 almos' ... -
pl.t.e11 80luble 1D .,.."" 411u~ DB, "Clulrlns 1n fao\ onlJ .. 
8uob alkali .. 18 .. _quirK '0 neutra11 •• tlJle tree &Ol4. n. 
,POsP ••• 1.,. a8 .. ea.. in a~141 " and eeJIN8pOft41na Inore... in 
... 1nl1Jre proper'!" c •• b ....... , be tt# ... read111 ex-
,lat. ...... , .. '_ltto.ll_ .r a ~.,l poup "'7 tbe c"wQ'l 









~ .. at1aUa*1ea .f \h18 •• ,.pl~oa'l.n re8u1'. ta 
'he 1 ..... '10n .f large •• leoul.. ooata1ntns long branobed 
ohal.. or tbe 'lPe 81lfta. Wble .. pel'b" tQ'Pt,ber o0n4en.a1 \. 
,.ins attNo'arM .t hish- or4_. The 1_t.'h of euoh .balna 
and the .orre.pond1 .. eoU014al ,...,..u •• • t tbe N81a 4e-
peal '1'1 .. 11,. .. how 10q 'be he.t ,,.e.ta.m\ 1. oon\l.DU4 
... " ... 'he point ., whiell lIltemal "'8l'1tloa\lOft ___ 0". 
It e .. be .... 'bat 8 •• l'1.flo&\I .. eaft al.o take plaoe .. tbe 
.tbep carbo.,1 lPoupa .t the •• 14 in tbe •• lleul. .. .111 AI 
the beta b.Jd,J'e&11 .POtaP. 'aNini • 18111 eha1a ., l1nJd.ns ..,14 
... al ... 1 •• 1ecul .. , the leng\h ...... moleeul ..... lah" of 
w'blell ... 4~_' QOft 'he 481". of ._pl.tion w Whloh 
\b. p ••• 'lon ..... oarrle4. M \he 11.. ot tb ••• 1.$\11. be-
0011.8 INa"., 1t al •• It_ ........ eoapl.x and. .... ltOIIPaot, 
witb tbe r •• ul\ that tb. '.lub11!', ami. tWllbl11\7 d.ere .... 
'!be N81na haY. been ol.a811tle4 br f. ReAIl B .. ,.,(4) • 
.looON.UII"7. \be .. ,ird.n •• t1_ pndun. reaul \11l1 tNa the 
o.naeu.tlcm ot polJba810 .. 141 .. polJ'b,Jd.r1o alo.hole 8.011 
d 811 .... 1 .". pb\baUo aah74r14 •• ., be ol ... ett 1n ., .... 
ae. "a\ ... Wh1a 18 he1l110, _olub1. 1ft acetone, en4 not I'e-
l11\aD' to "a'... It 18 eorrvert. ... to "'1"'" Wh10h 1. tus-
lble, lMolu.'ble 1n •• e"o., an4 _, .. ,11'.' \0 wat .. 'Irq 
•• 'iDI. 'lld.' 18 tUl'\b-. tomeMe' br b. •• , \0 C._tap whloh 
1- 1ntUlilbl., lnl.luble, and. re.l.'aa\ to .. a\.r. 
fihtba\ .... wb.1oh haft 01117 on. re .. 'l .... group luGh 
..... baa1. ao19 aD4 .onebJd,Jt10 alooho18, _ tb. au1tonatN 
alto".1 u .... 1n tM8 H ..... ll 40 not sl •• 1'1 •• ,. ,..Ilnoua 
m.twrla1l. 1 ••• .,0I'a'1011 of th ••• lub.tan ••• pr ..... " the 
e .. a. l1nltlq of tbo aoleoul.. "'7 a ....... lna th. ft_" .f 
p •• llbi11"' .. tor •• &o\lon, ana 1a len.ral oau ••• 'he r.ain 
\0 'be ..... ON lolubl. and tu.lble. When a .... It,.lns age\ 
18 lnOO2'Pol'at'" 1D'. 'he al_4 Hala. 'he poaalble .tt-UO'UN 
• .,. b ... pr ••• n," •• 
~·G·p-G·'-G-~ 
, I I 
D D 1) 
...--~ - -
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In 'he .\ru.\u~J • ..,re.~t,. a ~ .. l.oul. With 'he 
'hree hJClNseu .f \h. b141'o.,1 (p'teuptl .. pla"', ., MpHsenV 
'1M pht,t\a1,l .&410al, _4 D "pNa.nu ,he a041f'71ns ag.". 
It 1... of \be a041tloant. ,. ._4, lION of the 81,.....,.1 !' ... 
10ala 'ead ft. ·un1'e with phthal,.l PO. thue apPNaol'l1nl the 
etruo\ure .f Jb'hall. 11,. •• ride. 
'Ihe ette ... f IOnthlnlnstbe reacn.lon at, a 1'11 __ • 
t,eapera\un ".. ,. ",,11.. \he .. OWl' ot tree .014 .0'" rapl41,. 
\han at, a 1 .... ' • .,.ra\UJ'e •. the temperature _ \1 .. 1'1 .... -
• ." ,. reUb 95~ .".r1t1 ... ,108 \Mlna ."telll.etrio pro-
poP\l_ .t &l,oerol ... pbthallo an1'lJClltl" waa 1000 alnut .. 
a' 19000 aa4 no 1I1 .. nu,... at, laoOC (25). Sh1IWt1 HlJaau ... 
Itl1Jl_ •• Obaahl(lT) """eel \bat, OIl_ .01 of 1170.,01 84 
on. .. .... halt •• 1s .f phtha110 al'1h14P14. W'tml reaot., *' 
aoooc went .01'J taet. at. t1H\ •• rreapon41q \0 one-halt .... 
aot.l... If tho .... qllaJt\l \1 •• WeN hea\e4 at. 1800 C, 200·0. 
d a.-a t."- Mao'lOft b •• _ faa .... but all the Halna 
'o",eel ha4 ,he ..... 014 .alue and 80ftelllD& pelnt. St,itt.nina 
....... at m .. , .. ltloa\1 •• but. •• aUIT'" lat. .. whft 1 ... 
thtbaUo anl'l7tb'14. ... ....t. an4 DO .'ltt_ins .oourI'M be-
l.. .88 •• 1. .f phtha110 aDh,.dr1cle. 
"'--- ..----,...- - -
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........ -.....-.......-- - -
l' 
!be 80"" .t tbAt .tlltona'''' aloOhol u •• ' In 'hl-
s-e ..... h ... tNII 'he Jr&ot.er anA thabl. produo' -»Nt,-, 
and the Oolla'. Jla.1aeU ..... , ,",\SOt. ·Vel-. So\h proaueU 
.ereH4lua 8al'8 .t hlp .. lMulaJt .elSh' ,lIltona'.4 al-
OObol., IN\ tb.,. al •• cttmt.ala.a • 4uaJ1\1', of lueJ1, .. tterlal 
as a tille. !tie •• -&1\8 weN prtPePe4 U 'he tollow1nc _-
or aeoo1'dlns \0 \be CUaloal It ...... Dlna10ft of lnc"" 
... Gallbl •• 
It A ta'''" .. 14, to. • • ..,1. laupl. &014, 18 'rea'." 
with 11,... . __ ~ preNue _ 111 the pre •• no. 
Or .... \al", ..... ,. TM 1 ...... &014 1. NClu .... to 1....,.1 
al ... 1. 
-,(Olla )1000011 + lilt ~ CIK,C0Ra)lOOHa0H + HaO 
,be 1.a'tl171 •• t4 aul:ta'_ 18 \HaW4 1ft'It .• .at_ bJ4roxl4. \. 
tON \.1\ ... eu'pal .... 1_ aalt. 
TO 1t1Mh.w aaas. 'he 1&871 &014 aulta". 'be 
...u- 8&1\ hal on..i., ,. 'be ve.t ... 'W1\h a 411.t. hJ'cln-
ohlorlo .014 ,.0111\1011 OOll\alnlna J-' enoqh ao14 ,. 418,1&00 
..., eqld.l1Wl_ \en.41q t.o hJ4HlJ'" b ... tc ,. lat.t.rJ'l &1"1101 
.- attlpbvl. ..S.4. 
,... 10118 obat. ..,14 sultat.. ..eM net _all.,.. 
.. Illft bee ... _ the M14 ... _ • ..nat una'abl. ant. ..a1& I'lO\ 
bit latpt t. a 1 .. pep," .f t1M, tNt, 'lui ............ "J!'I 
.'&bt. .. the .... 1\81 a&1\. 
1Ir. B. I. Dz-eaeJ!l, 41"0\_ .r N .... eb of 00186'. 
'alaeli.- ~ .. ~ Co. 1. 8er •• , C1'" ... Jere.,. wro'o ,~ 
"Vol" ... \bo .041_ salt .r the 111111.," 1IOROClJ .. :-14 .. of 
.oGellll\ ell tatt, .el", .. \he o..-.H1al pPOduot ooat.al_ 
,," \. 36!C .. \1 ... lqre41ea' -' 6" ,. S,iC a041_ lt4t.,. 
fl.11... 'M.... 1ft reel.l', • 1-. ehalrl of oarbon at.oDut 
.-all'll .. 'he ao14 aulta'" poupjt on , .. Nhln1na two 
tq'4N.,1 gNU,. or ,,,. SlJ'ee!'Ol. 
In , •• , p~ 1\ ... toUDI tba' ,be sultonated aloo-
hoi annete4 troll ·Vel- ... .ON .'.10 ,baa that oxtraote4 
fHII "Dreft,tI .. Mao\e4 1ft 'he ".1ft a1~u:re _ .. readl.l)' 
pHltabl, beo... or tbe PH-.- .t \be 81,0 •• 01 baae. Pur • 
• 041_ 1&...,1 'UltsM ... o'bttalne4 ,... 4uPem' 111\4 ... tu 'rad_ 
n._ *''''oao1" 8ft4 o.tattled. ne 1111-.. 'What-••••• l'. '!'bl.t haa 
01\11 \. be treaUt! with th. 41111\. u14 '0 •• para'. ,he pure 
l&Ur71 .014 8ultat.. !be extra.ted produot .aI .o~. un.table 
'haft the .ulloaatel slleerol .at.. and 4.eomp ••• a mUGh mo,. 
21 
!he en!' •• ted lultonate4 aloobol htoa "V.ltt .ae a 
brownish. 0111 11,.4 Wbleb ..... luW.. 1a .at •• tOl"lllq a 
... 11_ •• 1.\1.oa 81al1 .. \0 tbat ., 'he locU.. aal\, "., 
lq .t .. l.......oua\. ot _he .041_ alql lu1t.,., 1ft a.all 
y01 ••• of "aMl- .. ''''v''-lna '1M •• lu'1_ with ,&1" the 
... 14 atllt.,. ..... • ..... h4. B1 w8Jl'll1q 'be •• 1 ... \1_ 'urtna 
,be ea11tlns .ut. the ~_\a .... ,.paPated mON l'e8411,. 
S1rloe \he lultoa.'''' alcobol aol141tle4 wben 0001_ allshUJ 
bel_ 1'0011 te.,.l'a\ure, l' GOuld be •• paraltd, and pUl-ltle4 br 
..... .,... of trees1na, P •• .n_ \he l1qu1d por\l_. an4"-
.. lUna-
a .... ut. 011 fat" ae14 hM adena, \J' .r .84,_ a 
ul\lt\8 point. of 62.6·0., Ie laeolu'bl. 1n "aMP. an' "eoompo ••• 
wheft heated '" .. hlsh tremperature. Gl1oetto1 hal a d._l\, 
of 1.16. _11eat .,.°0, 18 ..,., •• 1u'bl. 1ft wawP, .... 1'. 
a' 1.,00 lmt 8 .. 1141t1 •• at, a lIUOh 1 .... Map .... atUH. !be 1.1-
tOIl_teA pJ"Muft of ,he .oaoe.M. ot ooeonut 011 ta",. &014 






26°0 _ 18°0 
When 'hie product w.a heated 1ft • 41etl111ngtlaek. 1t 4aoo.-
peee4 evolY1D8 w.'.r an4 a r-lloW1ah sPeea l1qu14. fbi. 11qu14, 
_t_ ... ..• ., lllll.luna 1a •• \W, 41.,tUe4 tNa 'he tleak 
.. left • s-a, ~aek ... 14u •• 
!'he other OOJaPOMllta WI'" In 'he Gooklna of th. 
real_ wer. O. P. tlalW pht,UUe ..,41'14 .... t5~ 111_ .. 1. 
a3 
All tbe r •• 1Da ftl'. oook" In 11 500 a1. 'hrM 
neoked tlaak .e' 1n .. Muttant t_pel'a\ure 011 'bath •• that 
'be teape~atUN of the reao\l_ .oull be iaalnta1ne4 .. eoa-
.,_\ .. poe.lble. A 0·0 - 360°0. \"en ... ter 41p,.. lnt. 
,be ,.. ... 'len aln..,.. tbroUSh tb. "".1' uok an4 .. 00l'484 
the temperature .t 'h. r8&o\1on ..... .. haft4 Itlner al •• 
tl' aroua4 the tM!1IOJJletel' an4 0.. thHush the center neok. 
Th1e .... perateA ln all up _ 4cml .0'10n penlt\lq .'11'-
.1., at tbe ~a.tloa ..... 
A .1 .... ~ ... f carbon 41ond. Sal trem a tank of 
eap ....... " oaPbOn dloxlel, w.. bubble' through the re.1n clurlns 
I 
tbe re.ot1_ t,o pron4. an Inert at.sphe" al1d P"yen, an, 
oxldation trea the ail'. '11.\8 ,_ Wed led Int. the t1a1k 
tbroqh a 'ub. in one of the _all nee., the \tab. 41p,1. 
into ,be "&otl_ alxtllJ'e and al •••• ",-ftl t. re ........ all 
... ple. of the oook _\0 .. al ... pla'. tor testing purpose •• 
the .'h~ •• al1 n.ek .aa equipped w1th a wate. eon48D1er t • 
•• n4enae the .at.. ...lvel 1n tbe reaotlea ot the 817.e .. l, 
8ult01\'1at'" alcOhol. aD4 pbtball. anh7drlde. :S7 .... uring 
the water evolYe4 1t ... , .. albl. \0 toll •• tbe pPo8reaa of 
the reaot1011. 
!he 011 1ft th. 011 b6th oomple'el, eov8r84 ihe tlalk 
t. prevent th. water of reaction from oon4enalns Oft th. a14 •• 
or \be naa. anA NbftUS baole in'. the re •• \loD ..... III 
t.b18 .... mOlt of tbe water .f pe .. 'loa ... re •• .,.. fJtoa 
'be fl.-It. 'be oap'ben 41014. ale. helped to • ..,., tbe .a'.r 
ya;por tros t.b.. naak an4 al4... 1n "he all tatloa of ,bAt '''In ..... 
!h. 80UJ"Oe .f he .. , tor 'be 011 bat,b .aa ,. el .. ".10 






Electric Heater or Bunsen "Burner 
F. ~. 1 Ayraratvs for Cook.n~ Resins. N 01 
All t,1le ... tu _" PH ...... 1a 'be app ...... ua pre-
'f'1_1, ...... 11» ... u.taa a _,., Hap4tr., .... ot 100°0 f. 
........ fble --....,"" .... ell ••• rna • a\dJ of .Wl_ 
.. ala Na.'l .. 1ft ...... W ".'eN11l8 'he beat, "M'loa ''''-
... ~.... he ..... f , __ .,,,, paeraU.1 uaea la \M 
... 1d.q'.t ellrrf. ... ,1M .... ~ 180°0 te 1]0°0 4eoea41q .... 
.. the .,. ... of Had1_ ".'INt. A ... t."e 1 .. teapwatU'N 
.... 4111 .... \e .1.1ll.l ••. 'Ute , ... lld.Ut, of .., 4 ..... 1"_ 
.f ,rut • .u .. tea. al .. lWl. "'." "Is.. - .. au 000'" 18 .. 
tun ..... ph ..... f ..... 410.1", to pr .... , ., ox1",'101l 
,... ,be all' .... to .b'. •• lip'''' 001...... ruin JH"I-
a' __ 1e. n. 0 ..... tiost" .81 al.eo ....... , .... ,Iter ,..,.. .. , 
l' tlelpe4 t.o .'1.--'''' 11 ...... b1 '\he rlaak ... 1\ helped. \0 
• ..., tile ..... ., Haftl_ tNa 'be flaiL 
!'be t.bne ....... ,. ot ~ •• 'in .e ... pl.oN SA 
\M ,. ... "I.oa na.1c *" _. ''-' 'It \btl rail _ 'he '~ 
.'UN ..... &1 ............ 14 .. t,be n_'l_ '-.per.' .. __ 
\11 'b. • .. It .. u .... 18\.4. mnnae .... bat to '" tate 1ft. 
... Jdaa 'he ,..1_ \t ...... \lUI Itllt_tte, aleobol aa4 ••• la 
ainu.. .... • .. nha\ lal •• llfl. at. ..... teape.a\upe. At.. 
'",I'&'ve ...... 1,.·0 'he 11qUlU b •• _ a1801b18 ... 'h • 
• ld ......... 4. .,be c....,. 4loa14. lnl.' \u'be .oned t. r .. 
.... •• all • .,1 •• Of thAt 1' •• 1. fJ'OII 'b. naak at. a.et11'll\. 
In'hn'ala J 'be.. -MPlea "1'. plaoe4 OR • 81... pla" 8Il4 
&1.1 __ t.o ••• 1 t.a ..... "' ...... 'I'JB1u how 'he r ... ot,1011 ... 
P ....... laa. At. 'be •••• , of \he reac'ton 'be 0001e4 \ea' 
~p. .f "ala b.a • e10u47 appear.ul', 'Out. .. \:111 r ... 'loa 
........... 'be 4 .. ,. bee... 1.e, 010-, unt.il at 'be e. ot 
tbe ... k the Neill l\a4 a el .... appear-aac.. AU 'be nlten-
at.e4 al_bol aU8' be r ... te4 .,. 1'ea .... t4 t.. the mixture be-
t ... ,_ ... Sa "i.au, .. tbe _poaellH ~n .. ollDS will 
It .... the NalB • elou4J _lor. a. HMWlnk ... K. H. n ..... n. 
(10) .\.U4 \h.' OIllr tbe alPh. hJdNxyl groupe 01' tbe 11,· 
" .. 1 aN act! .. bel •• 180°0. b1d at, • blSh- '.aper.\UJ"(t the 
beta hfdrex,l CfOQP8 eat •• lnto the .e.ot1 ... 1th the tora-
.tl_ .f 'be 'tine 41_.'101la1 pol,...!'. !hue 'b1 ueplq 'h. 
".,. •• \11" .f .... \1_ 'bel" 180°0 e4 t.k1aa a .. pl.. en a 
..... , plat. at. lahnaU, l' ... po •• i1Jl, , •• eteNlne nea 
all 'b. aleohol l1a4 •• &0'" fro. 'be IPpeaJ'al'loe ot t.be 
... led "ela. 
"'.. all tbe .ultonated 818oh.,1 hal reacted, the 
' ...... al\l" was Pd.'" \0 a008G .. the reatn .ooke" un'll 
'M \blokenlas point ... "aohe«. At \1... 4ttnns \he oov.e 
.t ,. "ant_ ... e of the eu1tonat.d alcohol' dletllle« 0,"1' 
w1'ht.h. 1ra"" beto" 1\ hatl N .. t ... aa4 'hi. baA \0 bt aub-
t,rae",- fJ'GII "he o:r18laal __ tot sulfonated aloohol to 
obtatn the aotual ..-un' lnoopporatel ln the peala. 
St.s...l.... ,_ aD laponant. t.e'or in t.be produott.a 
.f a 100d pe.ta. It ,be N81n batoh was not stir"" 
\Ul'olllhl1 tbre\l8hOu' \_ .oo1c1q \lae. tu a\lltonat4t4 &l-
oobOl 414 •• , 'be .... \horeU8b1r JI1:n4 aD4 ..... 4-8tl1 414 
mit' Nae' .... 1.t.1r .... 1na .. he "OlN "ala ,.. ...... . 
el0lt41 appeaP." 4U8 t.o t.be ..... te4 ooaPOIlet'lt. ... , .. , 
eooJI ... ooD4uo~4 .. '''' ,.. •• 188 ., 'be ___ .poelt1 ..... 
.... the .... ooollt1na OOlldlt.101U1, 8'11'1'1"1 OM blat not stlp.. 
JlUc the .,""""_ .t. 'h. ...p1.\1_ .f t.be JWl l' was toun4 
thai 'be unNit.,'" Nab baa. • Il0l'. pronounced ~lou.4, appear-
ance tbaD 'he a\lrred re.18. 
Ia a oomparls.n .f 'be re.ln. Gooke! troa ·Velft and 
ftDret,· 1\ was tound tbat th. product extpaote4 froa ·Vel" 
.... .,. '0 P.ao\ .. re "a4111 than that. enraoted troa the 
ttDran-. Ybe .. pesins ooobd tNII t.be .tralaht. chain _ult.-
at8a at_hole ."'rlloted tr_ {f»rentt and ttDuponol" produee4 
.,,8%7 dark eoler$l r •• lna 'fIblch .. oultS be ot l1111te4 applloatton 
\Moau.. of theit' oolor. 'hi- lioN prenouncH 4arlten1n8 .f 
tb1t r.a1ft CaD be aoe •• t..a to. 'Dr the 'rea....,ln.t.bl11ty of 
tbo •• produ.". tban the lutton.ted alcohol trOll the "Vel". 
J'tn' thle HU_ 'he Bulton.ted aloohol troIlftV.I" .at 'lee« 
'hroueho~. thla researab. 
The Initial re.ln Wal 800ke4 ualns ."iohlometrio 
proPOJ»t,101l8 ot 81Jo.r01 ... pbt-hallc anh74r14., tbat, 1_ •• 
ratto ot on. mole of 81108N1 \0 OM an4 one-halt .018 of 
phthallo anh,-drl,4e. AU 'he Halna ... re oooke4 u81na 46 gram. 
(i mol) ot 81,o8rol .en4 1n .a.h 8uooee41q resin part or 'be 
pbtha11. an11"..14. •• au~tl ttl'''' tOI' b1 'be .ult.na"... &l-
.. bOl. 1M _au .f .ultonat" al •• b.1 .epe calo\llate4 
.... las the Bultona'''' alooho1w be .'1relJ 1 • ..,1 ao14 
aultaM. rue .. aapt1_ ta Dot en\lpe1y acourat. bee.a. It; 
...... onAt reaotl.. M14 Bultate!:roup top .... err lIol.culat' 
•• l@ht .r 166 While the actaal pro4uot oonta1n. t.o .... tly. 
'"tApa _ • lIOl.enl8l' •• 1Sh' .r 4901 or on. re .. 'lve ,"up 
t.r .. e'17 245 W11 \a of moleoular welsht. Buth aft ".uIWlP\101l 
had \0 be ae.4e beaaue t.he ooapoel\.l01'1 of the sulfonated 
aaMb.l INIl ·"el- ".. no' lmo1m at the out •• , .f the r ... 
• e .... ll. 
!he sulfonated alcohol wou14 be expected to haY • 
•• 1410 p'poper\1e. beeau •• 111081'01 It.elt exblb1" &0141. 
pPopep\le. clue ,. the •• oumulatlOft .r the bJdr&xyl group. 1n 
tbe .,puotU'N. "1th tbe.e poupa "pl.aoed. b,. 8014 .ultat. 
,"ups, It 4.fl1\1te1, wou14 eXhibit •• 14 ehapacteriatlcs. 
The sttlto.te4 alGOhol and phthal.l0 anhydl'lde "'1\ 
be1q ac14 ... the, ... ulA be expected to reao\ w1th glJceNl 






S\Palpt abain .u1tOftat.ed aloohol aDd g1roero1. 
0JIa0Il ~-o-f-OOJJa (OIIa'IIOH, . 









-~"..~ . CB ao,OH OK OIJ + RaO , , 
OYo,oH CHaOR GHa so, .0- OH2 
81n08 tbe phtbal1. 8014 ana 'altonate4 aloohol both 
..... 1.,. wat __ eft the, Mao\ Witb Ill •• tao1. 1t w .. po8alble 
.. eal_late \be \b .... '''oal _ount of water nlob ahould be 
tmtlft4, b tbe Nutl_. BJ ool~.t.lns 'he water Goad.lea. 
rr-. the NaoU_. it .aa po •• lble '- t.l1 .. 'be l'eaet.lea aa4 
to !Il."~ It. en .. '. 
AI a .... or -.PP'1q 'be rflanlona, eaoh ... 11n 
.... ...... \0 t.he etlttea1q POlA' aD4 tben 1'. ..\er1tl0.\10n 
... • ... ure4. Xlea1. an4 hlrsu- (a4) found that gl),oerol 
aB4 pht.ha110 aaQ'cl .. 14. haft 0ftl7 a lI04erat. d.gr.. .f •• , ..... 
in .. tl_ (.,~ • ~) .... w. heat oorwenlble ...... when re-
plaoM W1 \1& .... lIoll.l:taal0 •• '4. Shlserta Htrano an4 niln .. 
.... Oha81d. (11) toael 'hat. .ttttenlnSOOf.lUrred a' 1~ 
..... 1floa\1.. at all '-.,.ratur.. wben atolcblo.et.lc pre-
fOnleu of &17Ge1"Ol .. phthallc anbJ'drlt1. ".x-e used. After 
31 
.'ltttmlq •• OW:-.... ""I!'I U ,\1. _'- ... .....1....... ant. 





In .ach rua the r •• tns we? .o.ked until the, 
.... eh ... the 8tttterd..q .. lat 8Il4 \be ,.1'0_'''' •• \ePltS.o-
."loa ... • ... U"" 'bJ ell'ri41ftl "be aot.ual water eoUe.tea bJ 
tM Vaeer.t1oa1 'aM. Wh1_ ab. •• 14 __ ... 01 .. 4. 'lbe P"-
pon1.- UlJe4 1a ... ll ....... ~ 81"- (t mol) of 111.e .. 1 
aa4 .,.101l1._'rio proPGril0118 of pb\hal10 anhJ'4p1de _ \tt. 
I.ltoaa'''' aloehol.lhe nUalas '.1. (tab18 X) lb ••• 'he 
ette.' or tbe au1toDat.e4 alcoholl1041t1oa\101l.on 'be •• '.l'1t· 
1 .. '1.. .f the r •• la. 
It _. be .... tNa th. lata tbat tbe lultonated 
&1 .. ho1 ,4IftA ... \0 lnore ... '1M peroe' .... up1tl •• t,lon 
whlft .oul4 be O"'U_4d sa "he re81n .... W' pJtopen, 1. 
IbOW'll gaphloall, _ F1 ... I. '1'111.' w .. qtd.,. In ".oNanoe 
w1t.b the tln411lS8 .f lUran ... Ohalhi (11) who totm4 that. 
.'lttenlraa OO0U'PMt4 at m •• tentl0.\1_ Wb_ a\010ld._tno 
PI'OPOrt.loa8 .f al1CMrol (1 •• 1) an4 P\\th.:1,le aah,dr1d. ( 1.5 
.. II) •• re u..... .. no .t1tt.tlll ooeurre4 below.B8 ao11 
.f ,b\hall0 &1lhJd.r14e. lIb_ the .ulton.'.4- ........... lnool'-
"ra'" i.a '\he re.laj the polnt ot nOll-.'1tt_18. .... ral •• ' 
\8 1.2 .. 1- or ph\hall0 anbJdl"14 ... compaNd to .88 80b 
when .1118" ,be &1,o.rol ... _'hall. anbJ4r14 •• er. u ..... 
'fABLE I 
Jl041tlea\lon TIl. Eat ... ltleatlOll 
lIola 
11018 Fb.\-ba110 JIe41tlca'lf»l 
B.l 9&mtt1 .lmtrlg GE_ .9\1 I Mt1rrln'& 
11 .5 .15 0.0 .00 .000 
12 .5 .15 0.0 .00 .000 n ., .15 0.0 .00 .000 .5 • .,3 5.16 .00t .001 
IS .5 .1' 11.6 .02 .019 16 .5 .11 18.6 .0'5 .028 
~ .5 .'3 4.96 .009 .OOT .5 .68 21.1 .051 .042 
19 .5 .11 1ti.0 .0-,0 .oaJt. 
110 .5 .61 .-0.0 .015 .060 
111 .5 .69 28.8 .054 .04, 
III .5 .61 ".a .OT4 .060 
'11 .5 .65 ---- .. -... ...... 11 ., .6" ,4.8 .066 .05' 
115 .5 .TO 25.6 .048 ,0'38 
118 .5 .621 51.6 .ogr .018 
111 .5 .609 58.8 .111 ,ogo 
Or_ 
Gr_ Ph.tba11o Jle41tlCG!~ Peroent a.! UxllW _,it 9!:1B! EIHl'Jf&9U&stD 
II 46.0 lU.O 0.0 0.0 55.6~ 
~ ltS.o 111.0 0.0 0.0 ~.o .\6.0 lU.O 0.0 0.0 .1 
6 .46.0 108.0 5.16 3.22 58.5 166.0 108.0 12.6 1.6 68., 46.0 105.0 18.6 10.9 12.1 
If .-6.0 108.0 4." ,.11 60.1 
18 ~.o 101.0 ~.1 15.6 15.8 
19 46.0 106.5 .0 9.5 6,.8 
110 46.0 '9.0 40.0 21.6 19.4 
III .it6.0 102.0 28.8 15.4 52.2 
III 116.0 99.0 ]9.2 11.2 71.2 
'Ii 
~.o 96.0 _ ..... ---- .......... 
116.0 101.0 :54.8 19.1 water loa' 
$iI 46.0 104.0 25.6 14.6 12.0 ~.o 9'.0 51.6 21.1 77.1 
111 46.0 90.0 58.8 30.2 85.1-
* no .tlttenlns 
•
•• 
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ft. qu •• 'loft &1'le •• whetber the oOJlpollen" aN N-
•• 'lq Of' 3-' a4a1xlns lat.. ,h. ra.la. Wbet.he. \h. ... 
'1I1tlas ralln 1. oauee4 1t1 • I' ... t.t_ or 3-\ aAmtX1ns 1. Of 
e.ooft4a'rJ 1..,.nan •• to \he rae' that, the ao4ltl0.'101l h .. 
..-o4u .... a ... 1. __ 18 1ft laoquv tohUla'10_. wtUoh ... 
'ha onpnal .oal ot 'be H ..... ll. 8." ... 1', 'ha.o .... 
• \Db .. ., n1dana Whloh lactlca'o \bat, the .. l' a Hanten. 
(1) IIt. 'he .. lS1DAl ...... lfle4 .. 11ft 1" Wal foun" 
'hat on11 about. 6~ ee'ertfloa\lon took pl ••• betor. the pe-
81n .tltt.84 and .nt, 1.1 sr .. ' of •• te. weN ",01."', bu' 
b 'be .... • t t.~ ••• ta m041t1ed 111"11 30 ft. ,. of .ult_ted. 
", ... 1 at. -1nI the _ .. "0.' .r 81,0""', t.h ....... 
nol"" 12. T fP'- or wat ...... 'hO. tbe "GUnt. .t ph'll-
all. ~14 .... re4uo.... n. on11 pl .. 'h18 1 ......... 
water oou14 .... tNa would be troll the re&o\lon .r tbe IU1-
r._," aloehol aa4 tho 811 ••• 01. 01' fN1I t.he more_eel .. ,.r-
ttloatla of 'he &1,.0 .. 1 aa4 pbtball0 anbfdr14e, 'but b. ... 
all the ph'hallo anhJ4r14. 1ft 'he realn re .. \e", the.. woUl4 
" ... 'Mea 0Dl., U.o 81'- .t water no1...... A proof 'llat 
all tbe phtha110 anhJ4P14. h.ad _t ... M\84 ..... 8b_ b, th4t 
P •• lIa a ..... ins .. M14 1l1.ll'bezt .r )11., and. thla .... a 1004 la41e-
.tlon that ,be ."ltolla'''' al.ohol Mao\84. 
(2) It "he pre.e.. .e" OM or e41d.xlQ. ._ WO\l14 
eupp .. e that It the peetna were sroUD4 flnall \be, would ~. 
'he ollaraotenetl. 0111 teeliDa O't tbe Julranate. aleohel, 
'but ,M' 1. !lOt the e.... t.,. \he .'lft __ re.lne •• re harcl 
an4 ,,"unA tnt. a t1D.. po.". 
TturPe were abe aft,." .. ., faet. that 8Q»ortM 
\h... _.01ua10_. 
(1) III __ ,. 0..... \he 'ultonated alooh.,l oco .. 1 ... 
a:a ltd. t1al '9'01._ approaiaa'.lJ equal to the wlUlU .f BlJ-
.erol and •• 1\-' pbthallo anhldr14e. In run 111 the re.la 
mlnUJle ooc\lJlle4 100 Ill. _ the .u1teat.e4 aloohol 15 Ill., 
wb1eh woul.4 -14. 1t enNme17 difficult. t. a4Ja1a \h18 Y01 .. 
of l1qttl4 ln .uoh .. amaU ftl.e of ao1141tle" .... In. R.sla.a 
haTe 'be. 11&4. lnoorpo.atlna AI hlah ... 90 al. ot 8uUona'e4 
aloehol 11'1 the .... ....1.. of •• slll .1X\~ •• 
(I) It" .. PH\"10U11J' ell.e.MIt t.hat. 4mq th • 
• ootina or \he re81a 'he upaaP ... or the realn .lnure 
In__ fl'om 0101141 to ole... as the ooold.1l6 ppo •• edtt. aJl4 re-
m.a11l.. ole&1' at tbe eeapletlon ot 'be re.oUon. Tbe 0101141 
ItPpeaP8'Qoe at the a'art. ot \be re .. Uon .... aoooUlltable to the 
1aal.ol~111', of \he realA "lIPonent. an4 the aultonatoe4 al-
oohol. !he d18appea:ranH .f 'hll olou47 eolor ... aoootmte4 
t •• bJ 'be I'eaotl_ ot t.Nt aultonat.t4 alcobol. or bJ t.be aie-
_ltillt.,. .t \M lultonated .:J,oobol .. tht t1n1.beel H.la. 
(3) When a eamplt of a hlgb1, mod1fied .. 81n waa 
41 •• 01.-4 la a .olven' and 'be •• 1 ••• ' evapora\e4 .erJ 810,,11 
trOll 1', the erolglfta1 .e.1n. ".. re ...... rd 1ftdloa'lng a liON 
L_"" _________________________________ _ 
coonn TId 
Bath iner.... In 1I041tl0.\I_ .t tne PUN alkJ'll 
wlth 'he .~lton&\.4 aloohol hal a tend.no, to lnor .... the 
t.1 •• of .oo1d.q. It waa toun4 \h.t it. '.ok cm11 110 81ml' •• 
tOJ- \he pure &1_. \0 reub tlUt thloJr.enJ.na pOint, a' 200·C, 
1rl'ae'H" 'he re.111 n\h 30,2 ft.peroea' ot the ,ultoa.'.a. 
alcobol lnoo.,. •• \e4 1n 1\ 414 ftot \hlatea IdA " •• ," 1n the 
naal£ w_ after heatlq 8PPPoxs.ma'e1J tOUl' hour. at th • 
.... \aperature. 
COLOR 
'I'tafm •• oU4 t.a _ 1M" ataoaphere, the pure alkJ4 
peela baa a .1 ..... "a"~w1l1\e. al ... -llke appearan .. , 'but, .. 
tbe rea1n 11 1I041tl84 ..... lor be .... presneal .. l, 4arker 
un'11 \he 1" •• 111 18 Pta I1T (30.1 ft. " a841tlo&\loa) 1e a 
'brcttml.h oolor 'b\lt, .,tU ""aiM Ita elear .pear.ee. 
!he bodll ... • t ,he .. e.lne ob ... trOll a "'817 har4, 
w1"le, pupa a.1kJ4 ••• 11l \0 a 80ft. _., aM. nexll>l. r .. 
• 1n When lI041tl84 wl'h 60 ... -(30.1 n. ", .f the ault __ 
_ ted aloohol. When 80 sr- (38.1 ft_ ~) .... In'ol'porawa. 
lnto the re.la, 1\11''' fount that .. ru'bberr re.in re.ulteel 
whlo'll wou14 no' ha'r4 .. ..,U't •• 'alne4 1' •• tlolQ' t.el1B1_ .... 
eaUlle of 1\. 'Ie..., 'ouak anA PUbbel'J pro,."1 ••• 1t .., haft 
" 
••• ..110.\1.. 1. ~ ........... tl.14. 
1\ 1fU ap,..-' '11&\ \he .\IltOft&te"" ale.hal 6Ote' 
.. • ,1 .. '101... 1ft the alkJd •• ata, ani \hi. pro"~'J ... 
"17 1.por\&'I'd it the real.. • ... \0 have .., ap,Ueabl11 '" 
1ft pro"."" eoatlne .. pll.a\1 ... . 
.... ... expected, the .pe.ltlo pta'f'1 tJ .f tbe ",Ina 
4.oPeaaM .. theJ we" tunh_ ao4lt1e4 bee ••• 'be lultonat'" 
aleobol ... a l1qta14 .1 t1'1 apeG!tl. &part t,. 1.,. 'baa U1 'J f 
... ",.-te4 the tonatl .. of lara'. ...plex, hlp •• leo.laP 
.. lab' aoleoulea. 
the .,eelfle S:r&'rl. tle.- of the realaa " .. 4et.ra1ne4 
b1 the _t .. 'l.plaoem.' "'boa, br .... unns ,he wat..~ 41e .. 
plao" -0, • lc'Inn .. elsh' ot !'811ft. If_ 4at.a are l1atea 'below 
and ... 8llOW1l poaphloa1l7 .. J1118\1N ,. 
tABLB 11 
Speeltto (1pm', w. Hotlinea'l_ 
)(041fl •• "I_ Sap1. 0 •• wat •• Bp. 01'. 
alii i£MI .,. ~ 11£111.1 "IR ... ' .·~u 
Ii 0.0 0.0 ,.ea. 1.-40 1.3'30 n c.o 0.0 15.021 11.10 1.,56 5.1~ ,.21 11.32. 9.31 1.332 
$I 11.6 f.' 11.108 ,.15 1.338 18.6 10., 11.589 9.80 1.299 
i 4.95 J.12 12.'19 ,.51 1.lI9 21.1 15.6 li'" 10.39 1.2SO 16.0 '.5 .604 6.50 1.325 
1110 ltO.a 21.6 ,.,.,. 8.,., 1.185 
111 28.8 15 •• 10.859 8.50 1.216 
112 3'.2 21.8 5.8_ 4.90 1.1" 114 34.8 1'.1 l1-m 9.28 1.27, 
115 15.6 14.6 
U.·5 ,.10 1.ITO 
1l-195 10.61 1.301 #16 51.6 21.1 ._ U.60 1.210 
fliT 58.8 30.2 1'.399 11.42 1.112 
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V:S. ¥oCI!:f..f.e.t;t !1?Il.; :j:1:UW:J::tmi~ 
At tbe ,tart ot a pella oook a 4efln1'. amount of 
•• 14 (phthall8 anhydr1de) anA \h. othe. oonlt1\uent. of the 
",1. we.. plaoed 1ft the Na.'loa aalJr, IIl4 .. 'he ••• eactA« 
tbe _0." of unn ... ," .. 14 4eoHaeet beoaua. 'he oa:PboQ'l 
sr • .,. of the phthal10 .014 .... betba e.te.1tte4 bJ \be bJ4-
'1'0&11 croup. ot the s11.0nl. Dur1nS t,he ooolr11'l1 ot 'h. pe-
81rl \ho .... WlUaUr .eUed. en- reaoh84 \he tntwal'bl •• t.ata 
before all the o&1"b • .,l 1Nup8 _re reaote4, le .. ln8 tbe re-
.1n ,,1t" • ..nala _0\11\\ of tree .014. JlrteY10WI reteND ... 
h ... _ .h_ th18 to ba about 60% - 10f, reao\loa. 
/fhe •• 14 IlUllbu of .. realn 11 ..... ur. ot the tree 
•• 141t, ln tbe real. and 18 defined .. the number of al111-
..... .r PO' .... lwa 1'1141'0.140 neo ••• .,. t. neutrall.. the rr.. 
.114 In a one sr .. _.ple of tbe N.la. It 18 d •• lrab16 \0 
baY' aI low an ao14 number .. po •• lble In the resln, tor the 
sreat.. the tr.e .014 ,he 1101"8 wlnerabl. 11 tbe reain ,. 
4e\erloh'1&1 .. 
the pl'ecedure uaed 1ll 4etermlD1ng the, ao14 'Yalu •• 
Will' to .. lib a !mowa .elab' .t N.lll (approx. on. sr.) lnto 
• 500 111. Dle._,.er Ilalk, 'hle waa treaW w1 \b 25 111. of 
acetcme aDd all_4 ,. "arJ4 (preferable ..... m18h,) _'11 all 
the tre. ac14 w.. 41e.ol.... Tbe ac14 eoluttOD w.. taken up 
in 250 Ill. ot 411tl11ed water att4 the lolution beated 'ore-
.... lI.et. of the ace\one. 'fhi •• 01ut.10n _ .. t1trated w1\b a 
4, 
pMYloullJ ... _ .... 1 .... ,.W'I_h~". ~- ot a'beu\ 
tl •• ualte .t .e14 JIIIIIIbW pel' eubl.o eeat1ale\e1'. taal118 pbeel-
phthalela .. tbe J..n41oa'or and tltrat-lns \0 'he tin' pink 
ts.nc-. 'he lJ141e .. '. eotor w111 ely.,., ti,appear_ tb ... 1-
utl_ .t... .1ft.. art exo... ot baa. nl1 alwap aapenl" 
,be ... 1ft In t.be bo\'a or th. tl.-k _tl1 \1\1. ret.in entlr'if 
41 •• ,..... PltOli the welSht .t .... 1. ab4 the oubl. 0811,1 • 
•• ,e'" .t baa. uaM. 'he &014 number, of 'he reala. .ere oal-
.ula'.... !bIIe' *.p1" "1" run Oft eaob. r.aln and ,he ... .... 
as- 'abD. ""'e treact of the acla nUII'bera ..... t.l1 ..... and 
_ •• ho_ paph.loall1 .. rtSUN •• 
,ABLE III 
Ao14 Value ........ lt10.\I_ 
R.' .... ltloa\1 .. tr_ !it IT M"!". 
It 0.0 0.0 160.0 
$I 0.0 0.0 ).15.0 5.1d ,.ft 125.1 
= 11.4 1.6 U8.0 18.6 10.9 114.0 ~ 4." ,.12 109.4 21.1 15.6 61.0 
19 16.0 9.5 e2.1 
110 .-&.2 21.6 
'11 18.8 15.4 56.0 
112 39.2 21.2 32.1 
Sll 34.8 19.1 15.8 
115 25.6 14.6 55.9 
116 51.5 21.1 41.5 m 58.8 30.2 34.0 80.0 ,s.1 )4.0 
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It OaR be a.en from the 4a\a 'hat the ao14 number 
d •• r~a." as the re.ln .afI lIodltle4~ 'fhi .... &8 ,. be expe,,"4 
.1n •• 1\ haa be ... eq that, tbe o.UntieatloD inor.,,'" .. 
tbe ~ •• 1D' .. ere modified. Whioh n.c. •• ltat.t .ore of the 
phtbali0 anbJdrlde \0 pea.t_ The .ttec\ of the ,ull.nate. 
a1~obol w.. pHI •• l, ,. re\&r« the ge111q .t the H,ln 
a11 ... 11l8 110" of the ph,h8110 a.n.hJ'4J'14A1 \0 re .. _. 
It laWlt be r .... ".N4 ft .. eonslderins the acid 
number •• f the.. reelna tha' eacb rea1ft w.. cooke' ullns ,'.1-
ohi.atrio proport.lona of materlall an4 in order t.o obta1ll 
an &014 !label" of •• ro. the "actlon would have \0 SO t. o.a-
pl.tl_. !be object w_ not \0 obta1Jl .. low an ao14 number 
.. pos.lble 1ft eaob resln, but rather to tln! how the ao14 
a_"" tbans" ... t.he Naln was a04ltie4. 
r..o..... &014 l'lUllbera •• u14 be obtalne4 1D eaob ot the 
.. ,ina in a Dumber of wa,... Fir." it aft exce.. ot &11 •• "1 
.. ere u8e4 over the theoretical _oun\. thore wou14 be 1I000e 
hJ4roxyl group. tor the oarbOxyl goupa of the phtba:lle .. -
",and. ,. react .1 th, ard eouequfmtl1 'be... wou14 be 1 ... 
tl"'M phthalle anhyd.ride 1n 'he peata. Second, in la4ua'J7, 
b.tON the re.ia 18 tlntA .. ,oooklas. • .'re" .riae" pe 
18 btibb1e4 'ri.pNusl1 tbrouah 'he "81ft Whlcb carries the un-
.... ete4phtbalio anh,4Plde W1'" 1\ an4 8u1>11 ... it on a 0014 
wall outSide or the l"eaotlon ..,e •• el. In thie manner .. at of 
the unreaete4 phthall0 anh)'dl'lde ... HIlO"f'e4.. 18a ... 1n8 a realn 
with a low .. 14 aUllb.. 'btl etrect was -, aPp!!.1'en\ 1n 
\lU8 ..... ,..... MO"- 'he ... 1 .. 1\,. .., 'he o .. bo!l Alm4e .-
.a8 '\00 low \0 t ... tho ph'hall. anh1dr14e yapor trOll \he 
n .. lI:. 
n. theoretical relat.lcmahlp be'ween •• 1.aular 
.etIDt and ac14 nuaber repre.ea\lns YaPl0.. "ase. in 'he 
•• terltlaatloa ot phtha110 anh,drlde sn4 al1 .... 1 .81 11 ... 
'by Elli. (14) ana 1 •• boa bel.w Where ., "pHsen..,. phtball0 
anh7drlcle. .. (l !'4tpP8senU 811 .... 1. A t ... 1nal p la,11 ... 
the ""resenee .t a earboll11 sroup. and a t.ermlnal G reprH.ted 
.4111JdNQ' croup. 
•• l.oular Ao14 
lm\&1a ,e"'.' IYIHt 
GJ 1.1&0 2" 
GftJ ~2 121 
.PSI. 684 81 
GPGPGJiIU goc; 62 
,GoP m a8% PGJOf 18 
PGMPe 8J1 1'5 
PGPGNPt'II 1()511. 106 
SOWBIL1ft' 
fbe •• lubl11'1 .. of 'he 'Yano...- 1' •• 1na were Ukea 
ualrla , .. era]. Altter_t '01".1'1'8 \o.how their t,Pe84. Slnoe 
\he re.la •• eN eookec1 \0 tbe .t1ttem.q pela. 'he ,.1u-
blllt! .. were •• ". 1 .... btl, eaoh .000tl'" r.,la '1'10"'" 8ft ln-
,"... lit. •• lub111', &It 1I0r. .ultonat_ alooho1 w.. lno .... 
postateet. 
!be •• lub!1!t! •• were determined "1 retlUX1n8 an 
exc... ot l'ealft tor 0" half houp 1ft apppoXlma'.lf 150 al • 
• t .olTeft\. atter trh10h tl •• the .01ut1_ "as allowed to 
.e"l. -.4 'he 81e. llqw.4 cleo_teet tl'Om the undl ••• 1..,. re-
.1ft. !be ole.. llquld. was plaoed In a ,"",10ua17 ... lsh'" 
tlaak and the 801ven\ 41.tl1lecl tram the r •• la. Atte. 4r71ft1 
the tleak in 8ft 81eetn. 0ftIS to re...... the 1 ... , tr ... ot 
•• 1,. . ,. 1" ... "elshed. _alft and the .elSh' ot re.11I 1ft the 
kDo1m ... unt .f .01 ..... ' .as determined. (15). All the 801u-
'b111\1 .... ere ocm. .... rt.e4 t.o sr •• of reala 41.'01v84 11'1 one 
11'8 •• r aolveat. and ther aPe plotted .. ,uob on Flgure 5. 
III all aolveaU then ...... lnC"M. 1n 80111bl11\1 
wen thoush tbe rea.\l011 bad pro.eeded. \0 a sreater aeun\ .f 
•• tentlee'l.. ab."ina that, the .ultonated alcohol bal In-
ope .. '" t.he .olubl11',. AReI' aln7 gr ... (30.2 n. ~) ftre 
l.oorporat.ea. the Jte.ln no lonser r-eache4 the .tltf'en1ns 
pela\ an4 there ... a ... ked. 1nor8... 11'1 t,he .olub1U'1. Pro. 
••• PYa"-- .~ the .. Utt ..... ".laI 1" baa been no'" \b.a\ 
~h08. re8Ina haY1ftl \he sP8.~.',mo41tl •• \lOft 418801984 .ore 
l"ea41lJ th_ \1\0.. ot lower a041tlo&\10a. f1M •• 1ublU " 
".'a ... taula'''' b:elMr .... aM .spH ..... p'ap1l1 •• 211 .. 












.0181U\, ft. Wltloa\1G1l 
Wltl •• Uon h11l'Dl11 " 
1£.. 1\· a .. I' 6Itiaa. 
0.0 0.0 1.4, 
10.05 
0.0 0.0 T.' 
5.16 ,.11 '.1' 12.6 1.6 11.T1 
4.1S '.12 8.55 
~.1 U.6 14.6} 1 .0 !J.5 12 •• 
~.a 21.6 11.a, 
i8.8 15.4 1,.62 
If.50 
~.I 21.2 .8 19.1 6.98 
6.69 
1 .... 6 25.6 4.T 
51.6 21.1 14.35 
58.1 3O.a ft't'J 8.1ubl. 












M • n8v.l\ of _kina 'be Naln8 to 'he .t.itten1ns 
polnt., 1., ... apparen\ tn_ ,hAt 8oluhill". we.e '"17 1 ... 
In moat cae,. 'he,. .81'8 .0 .aall that 1\ waS dltfioult \0 .... 
t61n ve17 acourate 4a'" 'tAl, trOll the 4.\. aathere4 1" Wall 
ehOft 'hat the .olubllit.l.. i.creased as the allQ'4 rutM 

.... ..uti... Howe",. 'he 4.,. 414 ahow \he idOltl'bl __ 
tbe W.lbl. ton fit the a' ... C .. slit. n., &180 ...... , 
that. but,l ... \.\8 .... aueh better •• l .... n\ tor t.u a1ItJd 
... 18 \haa trb. rillS ,.lna" '.1 .... 
Slue the PNftOUl ft..... -,.. oooU4 \0 \be \biok ... 
eft1q poln\. 1\ .... 1Ilpoaalb1cf \0 41 ••• 1 .. thea 1ft • ., .. 1-
"'" '- • .,...~ .... ........ \0 ... , a fila flioa ttl.. ae-
I.,. ,he ",'1M 00144 .... appll ... Sa v&1'I11.h ....... 1~, 
"OO&D had. ........... b., takSaa w., be,. .t 'he ... 1. a'. 
a' 81'" plat. 1rt 01'4... M "et .• I'llJae .Ma t.be oornn ,,11-
.''It, ha4 'be .. 1"8 •• 11 ........ '.PPbe tbe ""'loa luI' be· 
, 
tON 1\ e._ la\. 'be lntulble .,. 1naolQb1 •• t.w. 1ft 'hi • 
..... .. • ei4 _ba ... 1_ as ',...1"1 .... obtalDt4 wi'botA 
tb. redB ..... 1aa intulbla an4 lnaolub1 •• 
fte .... ok .. "8tu o_'alaed t.he toll ... lns a.lt-
t •• tl __ ft •• ult_teA aloeb.l, 11 81'_ • .ItO sr-. 58.8 g •• , 
.. 80 sr .. ' .f \he au1toDate4 aloohol aU b .. e4 em. .a halt 
.. 1 of &1,"1'01 aDd three to ... '. mol .f pb"hallo anbJdr14e. 
001ll A'f DI LIft 
As laper\at. I~ I.:a the pr04uotlO1'l .r lacquel"l 
.. &8 \b. queatlon of 'he oompa\l bill " .f 'he re.ln. 1d. t.il 
1l1UMelluloa.. .\011 oellul.... or .tb. •• oel1ulo .. laoqu .. b..... Ooapa\1l:tll1t1 .. wen ••• asure .f the M_\ .t reata 
51 
whi_ 00144 be .1 .... w1\_ t,'tt ... 11\11 ... 4 ... 1t.1 .. wl'bou' 
..... 1a8 .. d .... ,. lUft .... 
Ooapat.lbl11\1 •• we .. , •• t,M b, pl'., ... 1ns a ,. .01-
utl_ .f r •• lft 11'1 a 801 ... ,. eM. a441aa t.b1. \0 a ... ~ '01-
ut1_ of nl\POoel1\llo ...... 111110 •• 4erlY1tl" in ,be .... 
'.1 ... , _'1.1 ,be .oluU.a .bo"& 'USh' 11_ 4ue w ,he 
booapaUblUt,. ..,1 .,.'au .sa ue ..... \he aol ... , "H-
e .... all ,. N.l .. 41alO1",e" 1a 1\· .... Nadl1J ,haft ln aa, 
othe1- .01 ... \_ "1Il ...... t to% toltlel'le anA 1~ .'hJ'1 al-
oobol1 •• "l'al17 u ... t. comp.\lblU\, NU. W\ &11 ,be 
.. alJill weN DO~ .olubla 4m.Oup 1ft 'htl JlU\ure t.o permit. 1" 
.e. 
", .. e .. Il -mall a4dl \lOft of ~.1a .01u\l_ M 'he 
.1'" .. 11ul... h1u"... .. fila w.. 0'" .. a 81 .. ' "law 
.. all ..... to 117- two ett_au .t Naln lnoapa'lbl11t)' ... 
"eop1ae4 111 "'en1a1ns the oompa\lblU '7 U.l \a wi tb \M 
•• '1U. ft. • •• ,., ., I'M'" willa lmp.ne4 a penana' 
811ab\ baM to tbe fila ...... ,... .. \he l.t.ml' of haH tree 
... .,.Ub11l \J. Sla •• ..,. of tbe lad, tl1u tH appe;r.\17 
bOa .. ___ an4 otte. pea ....... a hlab sl"', ••• o0n4 __ 
p.\1'b111\7 limit waa ".\eNin", .. the M.ln eon,.t ., Wblob 
'he tlla bq. to 1 ... sloa.. .., .. 81ne ..... 14 be -.'1.-
tao\Ol7 1n plp_\_ laequere .\ eoaoenvat.lone ... 14 .... 
-11 h,lgber \haa tb. haS. tHe lW\ :requlre4 bJ' 01 ... 
111118. 
L ____________________________________________________________ __ 
.. ~-
the 0..,a\I_111\1" .«PI e.,. ••• 84 .. 'he p.~Oeft\­
... of PeflU .. G.P"'" t.e 'he .elp, or nltNoeUul ..... 
• th11 cell"l.... "M..... 'hat a 50_ oompat.l'-lU " la41o-
at ... 'hat , 11'- .t na1Jl "" oGIIP .. 'lble Wl\" 10 81'- .t 
nl, ... e11\11 ... 1a tb. 1Mq.... !be Hault. ot 'he •• a .. 
Ib111', , •• ,. aPe aboWft _ 1'able VI. 
!he resulta ot \be eoapat.l'Dl1lt., te.'. ebo", \b. 
la.r .... 1n .()JIP.'lb!!l', .t the Nala' wS.th both .'llJ'l .. 1-
1111... ana al'ro0811ul... .. 'be a1.kJtl ••• 1ne wen aotitl .... 
It ala. .ta..... .. .ark84 41fteN1l0. 11'1 ooapAtlblll t.1 S.a 'b. -
'wo .ellul ••• 4.rt..S.tl .... , l' b.s.a. .. oll awe oompa'lb1. Wl'h 
n1treoellulo •• tban the .'b,.t •• 11\110 ••• 
!lM tae' t,b.' .... 'h_ all equal .. oun' of ]0.2 wt,. 
perc_' a041tle« ".la .U ._PAtibl •• 1 tb .. ".ttlll , ... ISh' 
of n1tre.ellul ••• auss •• '.4 tbe "'.lble use .f tbe ... ta 1. 
altrooellUlo .. laoquere. 
tABLE VI 
Ceapatl'billtl .... :l041tlo&\1011 
ft •• in Solution. 
11A1D ... ,. 1M. Jilila II SoJ.D1l' 
0.0 1~.102 21.0 
11.0 15.965 2,.a 








9at,1tt «fti 1 . .... 
.431 
.410 
.1 .~~ .2 1. , 
.4 ,.0 
.1 .68~ 
.4 "" 58.8 8.559 5.' 21.9. 
I'll_ R_ ~t. Lo •• of 0.108 • bA"'.-". II " II I . ! 
0.0 .1 .~2" .2 l.",~ 11.0 .2 1. rr .4 2.,4 
58.8 •• ,.0 1.0 1.50 
0.0 •• 1.,s .6 •• 08 21.0 1.0 8.'1 2.2 18., 
58.8 >22.8 »110.0 >22.8 >110.0 

55 
Sla .. ,he aedlficatlon .t ,be 81", N.lld lad 
prolu0e400mp.tlblll', wltb altrocellul ••• , tbe ,..albl. u. • 
• f to .... e.lM 1ft laoqueH ... ooul ... I"'.... leoau ••• t Old,. 
11a1'" eoapatl'blUt, "1_ 16 W\. :' (50 sr-) of .tdtea-
at ... aloobel, 0111,. 'bHe .... 1 .. UerM tble _041110 .. tlO8 ,"P. 
appl1 ... in ,he la.quer WOft. 
Whll. the 8441tlO8 of t ••• ll resin. lnor ..... 'b. 
ft ••• alt.,. an4 .horat __ the 11b ., the lao4U8P flla tOft". 
\_ .... 1 tlOil ot aJft'h.tl .... 1111 pnlonaa \he l1f. .t tbe 
tll118. 1,.",.\10 ... In. ~ us. tor \hel. ettect. upon tbe 
&10". h ..... MII., ana ar!hw.ao • • t 'he "epo.t'.' fila, aa4 to 
1.atn ... the .0110 ... ,_, .r ,n. aolutl_ without, •• , .... 
16117 1a ...... tnc trhe yo1 .... 1"1. 
ne... *" \.. \;rpe. of '7tltbetl. N81na \IIlM 1a 
la04ltler toraulatlona. har4 ... lna aa4 plastl .... ,lna. HaP4 
... 1fta eXhibit .uo" quall'S. .. as Mah •• 1t.lIlS P011'l\. b.-r4-
D .... ..,14 .. 1 ..... f •• 1 .... "..,. 1" Y1.cotlt, InaoluUOft, 
blab ~, ... 1e04 4UJta'bll1\J ... 1 .. tb ... 1 ..... 1_ 
... t1e la\P04ue. t. tbe nt.tJloeelltaloa •• anMlt". !h ••• qu:l •• 
pl .. \1.1 ... 8441tl... P1 .. t1, ... lna are ~rr flexible ani 
perUt. 'be WI_ or a reI.'1 .. l, hlSb l"a\10 et N81n W 1'11t.N-
•• 11ulo... Th., 40 ut •• _ .. 1'1 .. \101 •• 1"8 ho...... .. • 
pla8\1el ... m .. ' '" added. AU 'he mod1t1... 1" •• 11'18 WI_ 1a 
the follo.lns 1.oqu.. tenaul.tJl0D8 ill thl. ~h •• l' .0144 'be 
r 
R •• lae IM.r .. 'he function .t 1IIIb •• l_ to all 0-
pl1e4 aurt •••• 1110J'.". the lUI,", peni, N1Jltl •• ot t_ 
flla '" & •• 1at.l .... 1.J I"&WI' 4ep\h, ..... 8011 ... fila 
lnd.141lls PNlHlrtl". 
81 veMUu10M 1e \M -'le tilla tONlq toaPODMl\ 
anA lmproy •• t.b.. drftns '1M, ba'l'Clnd.. .. •• , •• real.' ... 
of 'he Nault-lac la8411eP • 
.,1 .. '1.1.... la..... \be .10'118&\108 of 'he f1111. 
'lMI,leU •• ala. In ...... \h. fl_ of the laequer jua' 'bet .. e 
l' MY te prod,," a level f1la an4 ...... \ bluahlq. !her 
1'1., _ ll1POf"_ par' 18 ruins the NaiA and nitl'Ooellulo •• 
1$ • • -11 b ...... ous fila. Ixou •• f 1'1 .. '101_. baa no 
lIte.tlll OIl 8108 •• ant t.he" 1* an op'laua pl.tlel,.at .ea.-
tent 'b.,..,. whieb no 1DOP .... 18 aAlleNDM .. \Amell •• '~h. 
OJ' 81H. of t.h(t filii ...... It 'Will H no\d tbat. each In-
peel!.' lapar\8 \0 \he lae4ue. ""ala apoolf10 pstopent •• 
.. ed.l_ ,. 'hat in .... l.' .... 1\ 1* alm •• , hopel ... \0 
.apeR ,. ob\alD all 'he "lI"altlA ~1" .. OM laoquer 
ws.. \b •• _ .... , .. tala. 
Laoque8 .... ..... 1a ... _lOUI tormula'lOl'l1 ua1q 
'be .041tl84 raID, .... conA n1 ,"cellule •• , and ..... 1' 011 
as tn, pl •• tlel •• r. Bt.atJ'1 ... t-a' .... ue ..... \be •• 1"'1l\ 
\tu-oUShou\ 'he. .01'k, an4 all the vi ... 1 \1.. wen aa1rl\alM4 
.. "-11 ,he ... II PNalbl ........ abl. \e __ •• 1-
.. loa of t ..... JJ1,".el.l~. 1D lhlt,rl ace .. tl. "' ... 
laIqu'" .... '.3eote4 .... .,.lowa Mittl \0 4e'.JI'IIJ.M t.U 
.tteo •• f t.lw rel1M .. "he .... t4'laI fl_ • 
....... 1 (") 
FllJd ., eutt lMqu •• ·... 0"" 011 \lD. ,law' uIlq 
... 008 lMIl fila 40nor naAe .. &11 ••• 4 \0 4.r7 .. eI'ftlpt,. 
_ott pla,e .at 0lA_ lUroUSbl, -hlI tolwme .. a ole_ 
z-aa beterl \.l&Oque .... 0 .. ' \IP61l 1\. 'fhe tne4 l ... q,.. 
.... oft .. ..., ..... 1ft,. 111' bOb .quare. Wi'" ....... 'blaM. 
It 'be laoq .. n ...... ,..1_ b outtlna. tbe .us-reaM 
....... ., ..... It 1" Na&lae4 _ the , •• 1 but oou14 ..... 
....... ... \1,. W1-. .. ""WO un. 1\ ... rahl pM.. xt. 
tall' aafN1dr d .,,;.:_, ....... 1 .... M ...... \l\e .quare. w1\11 
'he \b-.lt aaU. \M .... ra ..... ta1J'. It .. 1m1t. bl ...... 
"4ul". 'be a4bePfM'lce w.. l'&t" as 8004. 
the OMmloal ., .. \UN of ~ pI .. tlol ... baa .. 
... tld'. "'e .. 11\& .... \h, ~ __ • III s.era1 phoapbawa 
h ... a ,..,t .. atUHftM thaft do o\her 'J'P- .t pl .. -Uo1 .... 
MlMHftd .t a lacquer ta ala. 8H&u,.rr.o\e4 ttJ \1M -Ult-
taM \0 ala 1t 18 aPPl.l.... ... lao ..... that. 18 a4herea\ \e 
OM ',JIM of a.taoe will not 1"l''''''arl17 ... alheJ'ftt. ,. 
8110\1\ ... 
A .... UP. of the b:rl t, tlen... of 'he laoqueN ... 
a.a bJ bending \he prey1o"ll, p"pare4 \1ft pla'" at a ahaPP 
anll- &ftCl ra'1n& 'Ute fila. .. paeaM or talled &0001'411\, ,-
wh"tutr ,he f1ll1 .... It .. or DO\. Th. brl ttle,.. of a 1ae-
qu.. 18 lno!'e .. '" .1 th the greater amoun' of N.1n 1n the 
toraul.'l .. , ana l' 1. the tUftot,l.a of 'he plaatlcl'.r to re-
4uoe thl. '.ndeno,. 
Pencil Karin.... (,,) 
AI a .eana .r '.'erminin, ~elr relatl •• haPdne •• , 
f11111 of ... h laoqu. W'I" Call' on cl.aned .. 41'184 tln 
paula aa4 allne4 W 4r7 ..... m18b\. 'rhe laoqu.r ••• " 
'.at.' bl aoratobias the flla. w1th a DUmber .f penell' .f 
.,....,.188 he,r4n ••• (U ,. 8H). B, wrltlnS Oft eaoh flla u.lna 
the .... wr1tln8 pre.sure and ualng •• eo ••• l •• 1, panolla wlth 
b.arda .. Ie" (38, D. at RB. F, H, a, 3H, 4H, 5K, 61f, TH, 8ft), 
.. e Gould observe What h~e.. of leal w.. neoe.'arr to 
aeratell the f1la. n. ha:r4ne •• recorded waa the .otte.t l-a4 
whleh would out tbe fila. 
Thi. te.t 81.e. on17 a measure of the relative 
her4n... of the fi1ae, ancl 1. dep.nden\ upc:m. the perlon dolq 
the , •• tlns. It.as generally oons1dere4 that a hardne.. of 
41 18 a 8004 fila har4ne •• , and all laoquers barder than 41t 
haY' been rat,e' .. p ... lng. 
l 
" 
Laeclu .. fl_ an a--allt •• J .. fte4 ,. \be 0014 
_b .. _ , .. , t.e 4et.en!M t.Mu clvablU" ani n •• l .. l11\,.. 
rlllia"" ... , em. ,. x 6 laoh 8, .. 1 pl.' .. wlob bad. pe- ", 
..... 1' ........ 11 .1 ..... Wl\h \01,*,8. 'fu pl.,., ...... Us_ 
'u~"n" ,. alt.eft\.'. pe.l048 iii eM be .. a' 150" ... OIl_ 
" ... at ~5.,.. .are 'M1na ,~ \h&\, _.,. .... v_r ...... .. 
• .,1411 .. " •• lbl. ,... \be·' hi. M ~ ............. • 
perl'" of OM UUI' a' ..... pep ...... or 'w. ~ t.a aU, 
.... U,"'" ... "1~'. qole. "Id- ..,. ... a ",t.ml" 
.014 .... ,ta ...... _.01.1_ ., \he »._1 ... 11111. 'boa. 
1 ...... WbJ.a wl"" ..... \Mtt" .,.1 .... 1"&'''' .. P"'Uc, 
... \hoQ \bat. ..... 1 ..... "ok1q 4t1ftq ,bat. p.,.l04 " ... 
.... 1 ....... fall ... . 
,.... tOl'llUl..'"" .f laet'lueN we ....... , OM _1q 
\b .... la eoat,a1D1q 30.2 ft. _ (58.8 p-_) of 'h. 81111_-
at._ a1eollel, aDA ,- ."'- ... 'alnlaa ".1 n •• (80 81'-> 
.f ... \tU •• ,.a al ... 1. """'_H ..... trOll 'be al.1 ft •• 
(40 ar-l ..u.n. .... ,1ft utd1alU4 t.nooapa'lb111t,J hale, 
abowlq 'tla' !'Ulna _\18\ '" 1I041tle4 11'1\" at le .. ' 16 ft. ~ 
.t atl1l_'" al .. bo1 t.o ..... M t. laoquerta. the table. 
f.UewtJIs l1a\ \U ~ 'aU, ... Vlq are alao pre-
•• W ... bleaU, on tb. \'HU .... PlpNa , ... If reapeo\-
s. ... 1J. t.aoque .. D .... no' fulfill aU the NqulN11ente t. 
----------------------------------------
., 8"01&1 pur..... .. 'be "81- ••• ,taa .., 1 ••• ltl0 
a ••• ltte"f.l'" •• 1M f .... lIJ' a.''''' .t ,he 4h11"'ft8. 
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'ABLE VII 
Laequer lToper\l.. ... Lacquer 0ompo81 \1011 
:50.2 .,. _ bela 
Laoquer 
~ % ~ 
ti tift. I ~l!a. auo."" l1l!k MMUDS! IE&SllIMI' 
10 0.0 100.0 0.0 soo4 P ...... 
11 2,.4 TO.6 0.0 talp tat 1'" 
12 ]9.0 61.0 0.0 poop ta11e4 
! il.2 .".8 0.0 ,ood P"8'" 44.2 55.8 0.0 poop talled 52.5 41.5 0.0 pow ta11e4 
I/J 100.0 0.0 0.0 taUt P ...... 
010 0.0 go.O 10.0 1'004 P .. • .. 
C20 0.0 eo.O 20.0 8004 PM .... 
030 0.0 10.0 ».0 SOod , ...... 
e~ 0.0 60.0 ltO.o talp P' ...... 
050 0.0 50.0 50.0 tab' P .. • .. 
" ,5.0 35.0 30.0 talJ' p.a'" 
LaoqueP Co14 
II' 1lIdM.· £b.tllt 21m aau trIa' T •• , I, 
10 8lI pee- oleaP tatJl pasa'" 
$I 1H ,.. .... 01 .... tall' pase84 7H pee.'" ole .. tail' paased n 81 P ...... 11Sh\ 8Ooct-t pas.e" 6ft P .. • ... 11p'\ .... pas.d 15 58 P .. • .. ,- 1004 pu.eA 
" •• tt, P .. • ... ,,- y 10'" tall'" 010 11 ....... 01 ... so04-t p ...... 
020 6ft PaB •• " ol~ar po4..,t p ... .a 
~ 
,8 tal led. el ... tall" P ... • ... 
3ft ,alflea. ,le. tair p ... .a 
050 r p ... etS ol.e felt- p&8oecl 
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tABLB 'fIll 
x..,ueP Propert.l" ft. Laottu-- 0 .... 1\1_ 
]8.1 1ft •• a .. la 
taeq ... - • -. II. IMY ,.,\alta-, II.'. Ml\t.aaIt kli\1lAtt. 
s0- I 0.0 lOG.O 0.0 S .... P ...... ' " 
80- 10 10.0 to.O 0.0 Soct4 P ..... eo- 10 10.0 eo.O 0.0 = , ...... 80- ,. )0.0 10.0 0.0 ....... 80- ., .\0.0 60.0 0.0 tal. tall. 
80- 50 1:_0 SO.O 0.0 poop tal." 
80- 60 0.0 .-0.0 0.0 .... rail ... 
80-1. TO.O )0.0 0.0 Poop tail" 
80- to 90.0 10.0 0.0 eo" Pal'" 10-100 100.0 0.0 0.0 .. " P .. • ... 
ct. 0.0 90.0 10.0 po4 ...... 
CtO 0.0 80.0 10.0 ao'" P"'''' = 0.0 1°·0 ~.o = p--0.0 G.O .0 P .. • .. CJO 0.0 c:: 50.0 tal. ...... 060 0.0 60.0 PM" , ..... 
Ii 30.0 =.0 10.0 .... .... ,a.o .0 ao.o fair-» tall'" 10.0 60.0 10.0 tal. t&11'" m ".0 ".0 )4.0 tat"l ... M4 ".0 ~.o '30.0 tab , ...... m ~.o .0 10.0 &M4 P ...... .0 50.0 10.0 1004 tall'" 
so- .\0 40.0 10.0 0.0 talp tat 1 ... 
10010 10.0 80.0 10.0 pol •• ae« 
l0a0 10.0 TO.O 10.0 = '11_ t: 10.0 fO.o l:.O , ...... 10.0 =.0 .0 POOl' , ...... 10050 10.0 " .0 50.0 1004 t&11'" 
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,aLB YIII (GOa',) 
J.ao ..... Propenl .. ft_ Lae.-r 0 ..... 1'1_ 
38.1 ft. _ a .. 1a 
Laoq\l .. 
Ge14 
It'tl F IadUII - SIla', II .. II1U III~ 10- t 81 , ..... d •• tall' pal .... 
.... 10 .. ...... .1 ... tldl' p ...... 
18-. 8H _ .... tiU _ J. . ...... ao-,. .,. .... e« 811p' ,at ..... P"'" 80- .-0 51 ., ...... Ul.' ~ , ....eo- 50 ,. .... ta 811P\ I", P ..... 
80- 60 III .-.eA ,- c: --eo- 10 p ....... ,aft ....... 
80-90 .. " .... eeI .... - .... tall" 10-100 • on P ...... 4 .. k ... tall'" 
C10 r- PM'. tt ... ...... ' 1' ..... ate ....... cal ..... cr.-' pM .. = 5H ...... cd ... at. P ...... ,. tall'" 01 ... tab ... .... =: ,. ...... 11 •• tall' p ...... Mt\ .... td tl ... falP tall'" 
110 .- ... eea Illsh' 1004 ., ...... 
In 51 ...... el1p' ,= P ...... 111 61 ....... olMr p ...... m D ........ allah' ..... p ...... !II P ..... allihl rat: .. .... p . Sli 1H ....... filip, ....... 58 ,.. .... ,. pod. , .... 
so- _ 611 P ...... ,Ush' po4 » .. s ... 
10010 as p ..... 01 ... talP ....... 
10010 611 ....... 01 ... tab' , ...... 1= 6. P ...... .1 ... tall' , ..... 1 . 3B .... ea 01_ • tal. , ...... 
10050 ,. , ...... 01_ .. tall' tall ... 
65 
Nitrocellulose 
Resin Castor Oil 
~ Lacquers meeting all requirements 
o Lacquers tested 
'FIGURE 7 
Lacquer Properties vs. Lacquer Formulation 
38.1 Wt. % Resin 
.. • ..... f "e'ftlllnlnc the .. 8111t,. of the H-
elJUl 1ft "aJIftl.b •• , l' .AI ".U'" \fa .. ok the H.ld lat • 
....... 1 ••• an4 "',aN 'be. "sul'laa f11M. All t.tMt TaratabM 
.... ,. 1M ...... etas 'he t,11_bI t~'l ... 
the ...-la w. «lapeMea laW the ~ 011 .. 
lMa'" W l"·C, \"'_ W .·0 la \e a1nu,", ... t.o .. °0 
la wa .... tU .... ,... 7". '*'1'" U ..... 011 •• ,,4" ,. 
ObiU baek the ..... ,t_ .. ,be 1I1 ..... a8 \b1 .... wt __ Ida-
-.l aplPl\a ., 200·0. t. ttl ..... ult1 ... "arn1'b. .... 14d~ 
4ft-- 1a ,u r01lo'WlDa __ ""' .... 'b ..... on th •• il • . _ oekl, aMal 4fte .. := =-=~ -:~ .. 4,,1 •• 
fhe .......... aot. 011 •• 1Ubl. a.4 other :rae'''' 
... W 'be ".~ ,. 11 tbe l'HiU wer. t.e be 8111 ..... 
Dttftnl',. ... .....".-.4 lft tbe U811eNlon of tbe "1m la-
W the '''' oU. tor ua' .. 1114 _, 418"". ttl. 8.114 .... 1. 
1.\0 the 011. ... 11\.·\"'0 .... ., tJle NelU Wb.1ob wotdA .. 1\ 
'he ... utn.tal", ...... un, ..... , f. an. the Tal"'l'l1att 
... ..ok_ ... thlmle4, \h. ,.e.!a ... alA 'be to ... 11\ • ..u 
pl.... _ tbe "t\oJa .f \he Y&l'n1all ke'tle. It... t.'bolllh' 
tba' sria41l'l1\be ... alB ....,. Itael,. 1.'. t.. 011 'Nt ... 
l.aeM. (al) -aU ._, &riftS olla .... , be ... ur 
1 ............ wlU. atroerol,b'hala'M ..... a4c11\.1 ..... t • 
..... .. 1 .. , .. e44lJaa the trrba 011 \0 \be •• 1'''' Hila 
.aa *" ,\ltt1"'.'_ , .... 'b1.e b71q ota 41"0'11 hi_ 
'eapeq\,,"' aN rea ......... ia .... elan .. 1_ ... 
• nlou tlal-ous'b ~ •••• • t blp. bolUq 111Q1 .... 
1I111a (14) (1) al ••• t~te4 'hat 4171118 011. oaano\ 
be bl .. .a nt" ,"ball. _,0vl ... It, ,,"11 mlx1118 SA a ..... 
~ •• 1 ..... ' or bJ _dina 'he ollA 41HctUJ' ,. the Ned. ... a1J1. 
~ • 4PJ'ia& 011 ... h.ea\e4 wltb • min.. ., pht.h&Uo a17-
owl ..... &1,. .... 1, \be eoabl"atlOl'1 ., \he 011 ... Uft1e4 I. 
-1W1J \ha' t__ "ata 1l8ull,. &,U" 'befere 'he " .. la " .. , .... 
RowM- NoeHl _"bal.'. eo\ll4 be _.blu4 Wi"'_ ~ 
011 1a .,.., Pl'o})or\lOft 'bJ' he&\lna \he two 111 the PH',. •• of 
a blSh 'bol11na •• 1......... J\tJt .W_P~f wlMa ,_ 011 ... 
h ... ted. with a lolu\lea ., ,*'''all. &11ce1U 1ft beftaJl 'b ...... 
aM .... beaMd ter a 1 .. ,sa. a'IOOee. the 011 araAu.slJ 
\ld_ .. eI a4 ttnaU1 41' .... 414 Sa'M 'he Hila. Upoa .... 
moYa1 .r tbe .01 ... " 'D1 41 ... 1U .. 10l1 • prod.' of \h' .. Sa 
.. 4r71na 011 ..... b\at ... . 
Aa _,tap, ......... ,. at.p.He t.he ... ,la lily 'Q. 
' .. 011 ualq t,e':rallll .. 'he bl. boll_ 801 ... , anA 
h •• Una tbe .1nure r ••• lOftS , ..... \ 100·0. la ....... 
1\ ... t... \ha'\ QOIl 41.tl111.. •• ..1 ... , ott 'bat \be 
... ill ha4 n.' .0IIP1.",1r &l.p.J'.... 1.'. 'he 011 _ ...... -
-'U1 eeuU e.' 1M ..... 1a .0.-..1&\1 .. 4a\ .... ami... • .. 1I:ef. 
-lfta 'he •• "alai. It. ......... ,. b. ......... th*, tbe ... tal 
wi'" \h. IN ...... 041tlea\1_ .eN .0 ..... 111 41.per .... but 
weal4 .et At.pere. 0..,1.,.1, .... with lOftS ••• ktaa. 
1ft • '\-r ot \he .arteua JI04111.4 alkJd, HIlM 
.. _ in 'f'anl.bprMtlo\loa, l' _. found tha\ 'be 8l'4td .aJ ..... 
1 " ot "_ .... 8041t1e4 .tt" cb71fta, •• Ill-4rJ1JlS, or .... 
417taa 011., or tbe tat"~ aelda of 'b ••• 0111. X ... rpor.,t_ 
.t • 4eflal ,. _OUll\ of 011 ln\o the re.la ... n .... 8.., 1a 
me. t,o ... 1\ .01abl. in Oil -. .ulta'ble Ie yarnt.b 11le. 
B...... Of the 4iffioUlt, .f 41apeJ'eins the ..&tiled 
HIW 1 .. the ,_ 811, l' Wei un11telJ tha\ the .ultoaate4 
atoohol .041tt ... H,1ft •• ula 'be appl1M 1n 't'ams..h .amaran.re. 
The ... ta ellb' be ..alrted wi\h 10 •• 011 alone with 'h •• ul. 
t •• ,,, ale.hol ,. aake 1\ .,11 .01ub18, btft 'hat Wei be,_ 
\'be ••• ,. .t \hl_ 'he.la, wbloll 4e&lAJ fM1J wl\h \be ,.. nl-
,_, ... al ... l al1tJ4 re'ia. 
6, 
l 
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TO 
A .urRJ ot ,he 4 ... \be ."lftoa\! • • t \_ 
a1lr:J4 1' .. 18 "1 'he .Ulton&b4 alcohol la4lo.'''' \bat. \he la-
oorpor.'lon ileA ••• t\en1ns aa4 Pl .. tlol.i. ... tten 111 \b.e 
•• ala, 'he eft •• u 'be ........... ao\S. .. .-le .. "'e .... ltS..-
.U. ".. iRore .. eA. fbi. plea'in •• t.'_ baA _ ........ .t..a 
... , III 1 .......... b. ."","'1 .. '1_. 4 ...... 1ft apeolno !pan', 
......... 1ft .014 n_Mr, 48ar .... 1a ha.rt.n ••• , lnope •• 1 • 
• .,1\tbl11',., ..... at.a1 4U'kcl1q .t 'h ... 1 .. or \he Haw 
.. 'be naw " ... tUPth •• II041t1'" Wi'h the Bultonat •• &1-
... 1. 
B, t .. 'he 110. lapOl"t.aa' ... u1' of ,he aol1t10.\I_ 
.... 'be In ....... ...,.'11".11', wltb .ellul ... ,.ft"f1U ..... 111-
P&r'MA'b7 \0 Bult .. , ... aloobel_. P"4llel. H81U atd.'abl. 
for •• 111 l .... er t.NU1.'1 ... 
'!he laOqueN tON_ troa the .... ltle4 •• alM Pl'0ft4 
\0 •• n a •• ' .f \be .,..lnca.'I" "Cl\l1H4 f .... U8abl' lao-
quo. n ••• p"""1 .. h •• be. pl",,,, en 'be ... 10 .... 
Vill ......... , .... ,he patopen1 .. • t ., toraula'lOll .f 
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